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4. An author engaged in any Government Department or similar body associated with 
the prosecution of the war must submit with his paper a written declaration from such 
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for publication in the Journal. ; 

5. All papers should be submitted in typescript in double-line spacing. Foot- 
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50—250 words in length. 

7. If he desires to do so, an author may send with the paper, for consideration by the 
Publication Committee, a confidential report by a Chemist of standing to whom the paper 
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delay in publication may be avoided. ; 

13. Illustrations accompanying the papers must be carefully drawn, preferably twiee 
the size of the finished block (max. width, 44 inches), in Indian-ink, on smooth white Bristol 
board or paper. Any illustration which exceeds four times the size of the finished block 
will be returned to the author for re-drawing to a smaller scale. ae the drawings, 
whether on the margin or in the body of the drawing, must not be in ink but must be in- 
serted lightly in blue pencil. Authors may, if they wish, submit in the first place clearly 
drawn pencil sketches instead of the completed diagrams, which, however, must be supplied 
before publication. Further information can be obtained from Dr. C. Smith, Staplefield | 
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On addition of water (25 c.c.), 2-58 g. of crude crystalline lycoctonine, m. p. 139° with frothing (sinters at 135°), separated. 
The filtrate was extracted with chloroform. On hydrolysis the extract gave a further 0-5 g. of lycoctonine. The filtrate 
was concentrated to low bulk, n-hydrochloric acid (7-5 c.c.) added until a faint turbidity was produced, and the liquid 
filtered. On addition of N-hydrochloric acid (7-5 c.c.) to the filtrate, 1-49 g. of crude methylsuccinylanthranilic acid 
separated - Fong oil passing rapidly into crystals, m. p. 146°. The ethereal extract of the filtrate yielded a further small 
uantity of this acid. 

. Lycoctonine. The crude substance, purified by crystallisation from dilute alcohol, gave needles with one molecule 
of water, m. p. 143° (sinters at 138°), [a[?°" +53-2° (c = 2 in alcohol), [a]}*° +53-7° (c = 0-8 in methyl alcohol) (Found : 
C, 62-0; H, 86; N, 3-4; OMe, 23-4; NMe, 6-9; equiv., by titration with n/5-hydrochloric acid, with methyl-red as 
indicator, 485. Calc. for C,,H30,N,H,O: C, 62-1; H, 8-6; N, 2-9; 40Me, 25-6; NMe, 6:0%; equiv., 483). As 
pointed out by Schulze and Bierling (Joc. cit., p. 32), the hydrated substance on drying at 100°/40 mm. loses water corre- 
sponding to one molecule and becomes an amorphous glassy mass. This has been found to sinter at 119°, melt at 126°, 
and froth at 143° (Schulze and Bierling record sintering at 120°, transparent at 127°, melts at 131—133°, and evolves gas 
at 137°) (Found for dried substance: C, 64-3; H, 8-7; N, 3-3; OMe, 23-9; NMe, 6-8. Calc. for C,,H,;,0,N : C, 64-5; 
H, 8-5; N, 3-0; 40Me, 26-6; NMe, 6-2%). 

1-Methylsuccinylanthranilic acid (methyl-lycoctinic acid). The crude acid was dissolved'in N-sodium hydroxide 
to form the disodium salt, the solution filtered, and n-hydrochloric acid added to give the monosodium salt; filtration 
through charcoal and addition of the required quantity of N-hydrochloric acid drop by drop liberated the free acid in 
anhydrous crystals, m. p. 155° (sinters at 147°), [a]?° —7:0° (c = 2 in dry alcohol) [Found: C, 57-5; H, 5-2; N, 6-0; 
equiv., by titration with n/5-sodium hydroxide with phenolphthalein as indicator, 128-7. C,9H,,ON(CO,H), requires 
C, 57-3; H, 5-2; N, 56%; equiv., 125-6]. 

Hydrolysis of \-Methylsuccinylanthrantlic Acid.—The acid (1-55 g.) was boiled with 10% hydrochloric acid (20 c.c. 
for 1} hrs., and the solution diluted with 80 c.c. of water and extracted twelve times with 100 c.c. of ether, which remov 
1-425 g. of a mixture of anthranilic and /-methylsuccinic acids. A further 0-23 g. of methylsuccinic acid was obtained by 
evaporation of the oo solution in a vacuum over solid potassium hydroxide. The anthranilic acid was separated 
from the mixed acids by crystallisation from water. It melted at 147° and had the properties of anthranilic acid (Found : 
C, 61-3; H, 5-4; N, 10-6. Calc.: C, 61-3; H, 5-1; N, 10-2%). 

l-Methylsuccinic acid was —_ from the residue left on evaporation of the mother-liquor from the anthranilic 
acid by extraction with ether. The crystals which separated from the concentrated ethereal solution were recrystallised 
from benzene, m. p. 114° (sintered at 111°), [a]?3° —8-8° (c = 2 in water) (Found: C, 45-3; H, 6-0; equiv., by titration 
with n/10-sodium hydroxide, with phenolphthalein as indicator, 66-0. Calc.: C, 45-4; H, 61%; equiv., 66-0). The 
acid gave the characteristic fluorescein test with great brilliance when heated with resorcinol and sulphuric acid, etc. 

Acid Hydrolysis of Methyl-lycaconitine—Methyl-lycaconitine from the hydriodide (6 g.) was dissolved in 50 c.c. of 
10% hydrochloric acid and kept in a closed vessel for 14 days. To the solution diluted with water (50 c.c.), excess of solid 
sodium carbonate was added, which precipitated 3-9 g. of crude anthranoyl-lycoctonine. . The filtrate was extracted with 
ether, which removed a small quantity of material, then treated with excess of hydrochloric acid and extracted twelve 
times with equal volumes of ether. The ethereal extract gave 0-61 g. of crude /-methylsuccinic acid, which was purified 
by recrystallisation from benzene (for properties, see under /-methylsuccinic acid). 

Anthranoyl-lycoctonine. The base, purified by recrystallisation from 70% alcohol, had m. p. 172° (sinters at 168°), 
{a]?° +32-4° (c = 2in n/5-hydrochloricacid). Itssolutions have a beautiful blue-violet fluorescence (Found for substance 
dried at 105° in a vacuum: C, 64-9; H, 7-9; N, 5-1; OMe, 21-3; NMe, 4:3. (C;,H,,O,N, requires C, 65-7; H, 7-6; 
N, 40Me, 21-2; NMe, 4-9%). 

Hydrolysis of Anthranoyl-lycoctonine.—Anthranoyl-lycoctonine (0-545 g.) was heated on a water-bath with alcohol 
(5-5 c.c.) and 1-1 c.c. of N-sodium hydroxide until the alcohol had evaporated. The residue was treated with 5 c.c. of 
water; 0-395 g. of lycoctonine, m. p. 142°, separated. The filtrate was neutralised with N-hydrochloric acid, concentrated, 
and treated with hydrochloric acid to make the total acid added 1-1 c.c. of N-acid. Anthranilic acid (0-06 g.) separated ; 
a further 0-04 g.'was obtained by extracting the filtrate with ether. 


The author thanks Dr. T. A. Henry for his advice, Mr. F. J. Peters for assistance with the experimental work, and 
Messrs. A. Bennett and H. C. Clarke for the micro-analyses. 
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43. The Vapour Pressure of Metallic Indium. 


By J. S. ANDERSON. 


The vapour pressure of metallic indium has been determined by the effusion method between 800° and 
1100°, corresponding to vapour pressures of 10“ to 10"! mm. The vapour pressure may be répresented by 
logy9f = —12180/T + 8-003, whence the normal boiling point of the metal is calculated as approximately 2100°. 


THE measurements now reported were made, in the first place, in order to explain some observations as to the 
behaviour of traces of indium during the processes of large-scale, non-ferrous metallurgy. The behaviour of 
trace constituents of metal ores during the smelting of tin, lead, zinc, and cop per is closely bound up with the 
problem of recovering indium and other rare elements on a technical scale from various smelter by-products. 
The vapour-pressure measurements serve also to fill a gap in the recorded physical properties of the elements 
of Group IIIB, since the vapour pressure of gallium has been measured by Harteck (Z. physikal. Chem., 1928, 
134, 1), and that of thallium by Egerton and Coleman (Phil. Trans., 1935, A, 234, 177). 


EXPERIMENTAL. 


Material.—The indium was a sample extracted from Australian sources. Spectrographic analysis and comparison 
with samples obtained from Messrs. A. Hilger and from American technical sources indicated that the purity was probably 
not less than 99-9%. The principal impurities were traces of copper, nickel (which seems to be an invariable impurity 
in metallic indium), and tin, with small traces of cadmium and lead. Only the last two elements are more volatile than 
’ indium, and their amount would be-insufficient to introduce any significant errors in the observed vapour pressures. 
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‘Anderson: The Vapour Pressure of Metallic Indium. 


Measurements.—The vapour-pressure measurements were made by the Knudsen effusion method, whereby the mass 
orating in time ¢ through an aperture, from an enclosure in which there is equilibrium between vapour 


and condensed phase, into a high vacuum, is related to the vapour pressure by the equation 


p=(GWit)\VRT[M ..... 


- 
where G is the weight evaporating, M is the molecular weight of the vapour, and W is the “ resistance ”’ of the ere. 
For a hole, W = V 2x/a (where a is the area of the aperture) ; for a circular tube of length L and radius R, W = V 2L/nR?. 

The general form of the a atus followed the lines used by other workers (¢.g., Egerton and Coleman, loc. cit.). The 
indium was contained in a silica liner, within a small steel crucible, closed by a lid in which was the measured effusion 
aperture. The lid was ground away in the centre, so that the resistance of the aperture was practically that of a pure 
hole; a small correction could then be applied, if necessary, for the added resistance of the equivalent tube. Two 
different effusion apertures were used, with diameters of 1-975 mm. and 1-420 mm. These were measured under the . 
microscope, and checked for circularity. ’ 

The silica apparatus was heated in an electric furnace. Temperatures were measured by a calibrated chromel- 
alumel thermo-junction, placed in direct contact with the steel crucible, and a potentiometer. 

In effusion measurements, the procedures usually employed have been either (a) the vacuum-start method, in which 
the apparatus is first evacuated before being heated to the required temperature, or (6) the method in which an inert-gas 
atmosphere is pumped out only when the desired temperature has been attained. Either metliod is apt to introduce 
some uncertainty, t.e., as to either the effective duration or the effective temperature of the experiment. Egerton and 
Coleman’s method, whereby the effusion aperture is uncovered only after the steady state has been reached, furnished 
the most precise results. As, however, it was not possible to adopt this procedure, the following modification of the 
vacuum-start method was employed and gave very consistent results. 

The furnace was brought up to the desired temperature, and the apparatus was evacuated to 10*—10-5 mm. pressure. 
The furnace was then raised about the silica tube containing the crucible, and the temperature of the crucible was 
measured at regular intervals (1 or 2 mins.) until, after 10—20 mins., the steady state was reached. Thereafter, temper- 
ature readings were made at intervals of 10—15 mins. to permit of furnace regulation, and to correct for temperature 
fluctuations in the final evaluation of the data. The usual duration of the experiments was 150—600 mins. 

As a first approximation, the time for which the crucible was at the effective temperature of the experiment, Ten, 
was estimated directly from the observations; thence, an approximate vapour-pressure curve was constructed. Then, 
if Pep, be the vapour pressure at Teq,, and p that at any other temperature [, we have that the total weight of material 


G effusing from the crucible in the time ¢ is © 


= ta = Kf pat 
= 


ten. being the effective time of the experiment. The value of p/pen. at the moment of each temperature reading can be 


obtained with sufficient accuracy from the approximate vapour-pressure curve and the temperature record of each run. 
If the values of p/pen. be then plotted against the time, the integral 


of. equation (2) can be evaluated graphically, thereby determining 

-]1 ten. This corrected time may then be used in equation (1) to 
recalculate the true vapour pressure at Teg.. 

In calculating the vapour pressures from the effusion data, it 

was assumed that the vapour of indium is monatomic, This 

assumption, which might not be admissible in the case of gallium 


. (cf. Harteck, /oc. cit.), is here reasonable, since although indium 
> does not crystallise in one of the close-packed metallic structures, 

there is no evidence of association in the solid. 
-3] A correction wes applied to take account of the decrease in 
resistance of the effusion aperture consequent on the thermal 


expansion of the steel crucible. This effect is not quite negligible 


at the highest temperatures. 
Results.—The experimental data are summarised in the following 


-4 
table. The observed vapour pressures, listed in col. 6, lie very well 
70 9 3 on the straight line 
~ 
1/T x lot logio P = —12180/T +8003 . . . . (3) 
The vapour pressure of metallic indium. as may be seen from the figure. From this expression are calculated 


; the vapour pressures given in the last column. The average 
deviation of the results from the calculated values is not mote than 8%, which, having regard to the rapid variation of 


vapour pressure with temperature, and the difficulty of avoiding temperature fluctuations at high temperatures, may be 


regarded as satisfactory. 


Diam. of 
Temp. ioe aperture,mm. mins. G, mg. Pods, Mm. Prate., MM. 
_— 1000° 1-420 294-0 0-35 6-26 x 10-5 6-65 x 10° 
807 1080 1-975 546-8 11-2 5-78 x 10 5-35 x 10 
815 1088 1975. 245-3 6-7 7-72 x 10-4 6-50 x 10-4 
855 1128 1-420 128-4 3-57 1-55 x 10° 1-60 x 10-3 
890 1163 1-975 207-0 26-5 3-74 x 10-3 3-58 x 10-3 
960 1233 1-420 213-7 44:8 1-22 x 10°? 1-35 x 10° 
1060 ~ 1333 1-975 863 ~ 231-4 8-36 x 10° 7-50 x 10°? 
1075 1348 1-420 147-8 228-8 ° 9-38 x 10°? 9-40 x 10°? 


From the vapour-pressure equation (3), the b. p. of.indium is calculated to be 2382° k./760 mm. This, however, 
depends upon a very long extrapolation from the observed data, and it is probably more reliable to make a comparison 
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with the data recorded for thallium, using Egerton and Coleman’s vapour-pressure curve (loc. cit.) and the normal b. p. 
of thallium, viz., 1730° k. (Leitgebel, Z. anorg. Chem., 1931, 202, 305). ‘This gives for indium T 4.9 = 2360° K., which is 
probably close to the true value. With reference to the original topic of investigation, it is apparent-that indium is more 
volatile than is tin, and is thus somewhat enriched in tin smelter flue dusts, as compared with the bulk of the furnace 
charge. Indium is, however, very much less volatile than lead or the metals of the zinc-cadmium group, and any indium 
present remains in the retort residues when those metals are refined by distillation. 

Below, we collect the available data for the metals of Group IIIB. There is a steady trend apparent in the “ liquid 
ratio,” (T7¢69—Tm)/T 269 (Hume-Rothery, J. Physical Chem., 1940, 44, 808), from gallium to t um, but the b. p. of 

. gallium appears to be lower than would be expected. 


Liquid Latent heat of 


Element. T seq, °K. _Tatio. evaporation, cals, 
429-4 2370 0-819 55,400 
430 1730 0-751 39,700 


The-author’s thanks are due to Messrs. O. T. Lempriere and Co., Pty., of Melbourne and Sydney, through whose 
co-operation the indium was made available for this work. 


UNIVERSITY OF MELBOURNE,. AUSTRALIA. [Received, January 4th, 1943.) 


44. The Hydrogenation of Tutin. 
By S. N. SLATER. 


Bromohydrotutin and bromohydropicrotoxinin have been further investigated and assigned the formule 
C,,;H,,0,Br and C,,H,,0,Br respectively. Hydrogenation of tutin in acetic acid with a platinum oxide catalyst 
yields a-dihydrotutin, but with palladised charcoal and ethyl alcohol as solvent, gives an isomeric form, 
B-dihydrotutin. 


TuE author recently reported (this vol., p. 50) the preparation of two substances described as bromohydrotutin 
and bromohydropicrotoxinin. In attempts to repeat those experiments tutin and picrotoxinin were hydrogen- 
ated with a palladium-charcoal catalyst and with ethyl alcohol as solvent, but the products did not give insoluble : 
bromo-derivatives when treated with bromine water. As the melting points of bromohydrotutin and 
a-bromotutin are so close, it might be suggested that they are in fact identical and that no hydrogenation of 
tutin had taken place originally under the conditions used. The substances obtained in the previous investig- 
ation were therefore re-examined. The conclusion reached from melting-point and optical determinations is 
that they are undoubtedly different compounds. Bromohydropicrotoxinin also must be regarded as a distinct 
substance, for it remains unchanged after further crystallisation : were it a mixture of a- and §-bromopicro- 
toxinin, 8-bromopicrotoxinin would readily be isolated from it by fractional crystallisation. 

These facts may perhaps be correlated with the difficulty experienced by other workers in obtaining repro- 
ducible results when hydrogenating picrotoxinin by means of a palladium—charcoal catalyst; e.g., Mercer and 
Robertson (J., 1936, 288) obtained as the sole product of this reaction 8-dihydropicrotoxinin, but O*Donnell, 
Robertson, and Harland (J., 1939, 1261) were unable to repeat this preparation. In view of the experiments 
recorded by these workers on the bromination of picrotoxinin it seems certain that the double bond is the seat 
of reaction and it is therefore unlikely that ‘“‘ bromohydrotutin ” and “‘ bromohydropicrotoxinin ’’ are derived 
from hydrogenated tutin or hydrogenated picrotoxinin. Further analyses support the formule C,,H,,O,Br 
and C,,;H,,;0,Br respectively, these substances possibly being derived from isomerisation products of tutin and 
picrotoxinin formed under the influence of the catalyst and hydrogen. 

When platinum oxide was used as catalyst and acetic acid as solvent, picrotoxinin gave exclusively «-dihydro- 
picrotoxinin, as described by the above workers, and tutin gave a dihydro-derivative which, by analogy, has 
been termed a-dihydrotutin. When tutin in alcohol was hydrogenated with a palladium-—charcoal catalyst, a 
different product, termed 8-dihydrotutin, was obtained. 

These results furnish a further indication of the close connection between tutin and picrotoxinin. 


EXPERIMENTAL. 


Bromohydrotutin.—After further recrystallisation bromohydrotutin melted at 260° (decomp.) (Found: C, 48-4; 
H, 4-8; Br, 21-6. Calc. for C,,H,,O,Br: C, 48-3; H, 4-6; Br, 21-4%). It depressed the m. p. of a-bromotutin (259°, 
decomp.) by ca. 20°. Dr. F. J. Turner kindly undertook an examination of the optical properties of the two substances. 
Measurement of the optic axis angle gave: a-bromotutin, 2V = 48° + 3°, sign —; bromohydrotutin, 2V = 50° + 2°, 
sign +. 

Bromohydropicrotoxinin.—Further recrystallisation failed to change the m. p. (254—255°, decomp.) and the mother- 
liquors when concentrated yielded only material melting at the same temperature (Found: C, 48-9; H, 4-5; Br, 21-4. 
Cale. for C,;H,,0,Br P4 Cc, 48-5; H, 4-1; Br, 21-6%). 

a-Dihydrotutin.—Tutin (0-5 g.) in acetic acid (10 c.c.) was shaken with ag ee oxide (0-1 g.) in hydrogen at 
atmospheric pressure; 44 c.c. were absorbed in 15 minutes (theo. for one double bond, 38 c.c.). The acetic acid was 
removed in a vacuum at 50°, and the product taken up in alcohol. On cooling, a white powder was obtained, which 
was crystallised from chloroform—benzene. a-Dihydrotutin formed small felted needles, m. p. 224—226° (decomp.) 
(Found : C, 60-7; H, 7-3: C,;H,.O, requires C, 60-8; H, 6-8%). 

a-Dihydropicrotoxinin.—Hydrogenation of picrotoxinin in acetic acid with a platinum oxide catalyst yielded 
a-dihydropicrotoxinin, m. p. 253—254° (decomp.). 

B-Dihydrotutin.—Tutin in ethyl alcohol was shaken with palladised norit in hydrogen at atmospheric pressure. 
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Absorption of hydrogen was slow and fresh catalyst was added after 4 hours’ shaking. When absorption was complete, 
the catalyst was filtered off, the solvent removed, and rer crystallised from water, B-dihydrotutin being obtained 
in needles, m. p. 232—233° (decomp.) (Found: C, 60-9; H, 7-1. C,;H29O, requires C, 60-8; H, 6-8%). 
The last three compounds were stable to bromine water and reduced ammoniacal silver nitrate on heating, but only 
the last two reduced Fehling’s solution on heating. 


The author is greatly indebted to Mr. C. L. Carter, M.Sc., for performing the micro-analyses. 
UNIVERSITY OF OTAGO, DUNEDIN, NEW ZEALAND. [Received, February 12th, 1943.} 


45. Butylnaphthalenes and their Derivatives. Part I. g-tert.-Butylnaphthalene. 
By N. G. Bromsy, A. T. PETERs, and F. M. Rowe. , 


B-tert.-Butylnaphthalene (I), prepared by condensing t#ert.-Butyl chloride or isobutyl bromide with naphth- 
alene in presence of anhydrous zinc chloride, or by dehydrogenating £-tert.-butyltetrahydronaphthalene, has 
been oriented by oxidation and by synthesis, and literature concerning it clarified. 2-tert.-Butyl-1 : 4-naphtha- 
quinone and 4-tert.-butylphthalic acid and anhydride are characterised. 


ALTHOUGH a- and §-tert.-butylnaphthalenes have been described in the literature, they have not been 
definitely characterised. Wegscheider (Monatsh:, 1884, 5, 236) and Baur (Ber., 1894, 27, 1623) prepared a 
tert.-butylnaphthalene, b. p. 280° (picrate, m. p. 96°), from isobutyl halide, naphthalene, and aluminium chloride. 
Gump (J. Amer. Chem. Soc., 1931, 58, 380) stated that this compound was probably identical with the a-éert.- 
butylnaphthalene, b. p. 278—287°, obtained by Spath (Monatsh., 1913, 34, 1965) from a«-naphthylmagnesium 
bromide and ¢ert.-butyl bromide. By condensing éert.-butyl chloride with naphthalene in presence of aluminium 
chloride, Gump failed t& obtain ¢ert.-butylnaphthalene and isolated only two di-tert.-butylnaphthalenes, m. p. 
82—83° and 145—146°, which Wegscheider (loc. cit.) had suggested were probably a8- and aa-dinaphthyls. 
Fieser and Price (J. Amer. Chem. Soc., 1936, 58, 1841), however, prepared ¢ert.-butylnaphthalene, b. p. 127— 
131°/9 mm. (picrate, m. p. 99-5—100-5°), by this reaction, and assumed it to be the 8-isomeride. Tsukervanik 
and Terentieva (J. Gen. Chem. U.S.S.R., 1937, 7, 637) described «-, b. p. 287—-289° (picrate, m. p. 92—93°), 
and @-éert.-butylnaphthalene, b. p: 274—276° (picrate, m. p. 84—85°), which they prepared by condensing 
tert.-buty]l alcohol with naphthalene, using aluminium chloride, and claimed to have oriented by oxidation to the 
corresponding naphthoic acids with dilute nitric acid. 

We have found anhydrous zinc chloride preferable to aluminium chloride in condensing ¢ert.-butyl chloride 
with naphthalene, as the reaction proceeds readily at 70—100°, without charring, to give an easily purified 
product, consisting mainly of 8-tert.-butylnaphthalene (I), b. p. 125°/4 mm. (picrate, m. p. 100—101-5°), together 
with the two di-tert.-butylnaphthalenes described by Gump (loc. cit.). isoButyl bromide condenses less readily 
to give (I). A ¢ert.-butyltetrahydronaphthalene has been prepared from the éert.-butyl halide and tetrahydro- 
naphthalene in presence of the aluminium halide (Boedtker and Rambech, Bull. Soc. chim., 1924, 35, 633; 
Barbot, ibid., 1930, 47, 1314), but we found that éert.-butyl chloride and tetrahydronaphthalene are best con- 
densed im presence of zinc chloride, and dehydrogenation of the product gives (I). 

No naphthoic acid was obtained by attempted oxidation of (I), by potassium permanganate in water, 
aqueous acetic acid or acetone, by alkaline potassium ferricyanide, or by dilute nitric acid under reflux or 
at 160—200° ina sealed tube. Compound (I) was oriented by oxidation with chromic acid to a p-quinone shown 
to be 2-tert.-butyl-1 : 4-naphthaquinone (11) by oxidation with permanganate to phthalic acid. Chromatographic 
analysis (alumina; ligroin) carried out on accumulated residues from crystallisations of the crude quinone gave . 
pure (II) and no 2-tert.-butyl-5 : 8-naphthaquinone. In an attempt to orient the hydrazones (III) prepared 
from (II), ¢ert.-butyl chloride, «-naphthol, and anhydrous zinc chloride were brought into reaction in ligroin, 
but gave an inseparable mixture of ¢ert.-butyl-«-naphthols, from which no compound identical with (III) 
could be isolated after coupling with the appropriate diazo-compound. 

The structure of (I) was confirmed by synthesis. ert.-Butylbenzene was prepared in 44% and 60% yield by 
condensing #ert.-butyl alcohol with benzene in presence of ferric chloride and aluminium chloride, respectively : 
Potts and Dodson (J. Amer. Chem. Soc., 1939, 61, 2553), without giving experimental details, claimed yields of 
82% and 50%, respectively, in these reactions, ¢ert.-Butylbenzene and succinic anhydride (Friedel-Crafts) 
yielded 8-(p-tert.-butylbenzoyl)propionic acid (IV), reduced (Clemmensen) to y-(p-tert.-butylphenyl) butyric acid 
(cf. Fieser and Price, loc. cit.). Cyclisation of the corresponding chloride (V) gave 1-keto-7-tert.-butyl-1 : 2:3: 4- 
tetrahydronaphthalene (V1), reduced (Clemmensen) to 7-¢ert.-butyl-1 : 2: 3 : 4-tetrahydronaphthalene, which 
was dehydrogenated by sulphur to 8-¢ert.-butylnaphthalene, identical in all respects with (I) obtained from 
naphthalene or tetrahydronaphthalene. 


co CH, CH, 
H, H 
Meg H, Me, H, Me, H, 
CO,H cr ree) 
(IV.) (V.) (VI.) 


The experiments of Tsukervanik and Terentieva (loc. cit.) were repeated and a low yield of (I) was obtained, 
but no a-tert.-butylnaphthalene or di-tert.-butylnaphthalene, m. p. 132° (picrate, m. p. 99°), as described by these 
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- from alcohol in colourless prismatic needles, m. p. 
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authors. In general, our experiments have substantiated the work of Fieser and Price (loc. cit.) on §-tert.- 
butylnaphthalene and have shown the views of other workers on the butylation of naphthalene to be partially 
or wholly incorrect. 

os tylphthalic acid and anhydride were prepared by oxidising 8-tert.-butyltetrahydronaphthalene with 
alkaline 


anganate, and treating the resulting phthalonic acids with alkaline peroxide. 


EXPERIMENTAL. 


B-tert.-Butylnaphthalene.—(a) Condensation of tert.-butyl chloride with naphthalene. Naphthalene (256 g.; 2 mols.), 
tervt.-butyl chloride (92-5 g.; 1 mol.), and powdered anhydrous zinc chloride (68 g.; 0-5 mol.) were agitated and heated 
in an oil-bath until gentle refluxing with steady evolution of hydrogen chloride began at 70—75°. After the temperature 
had been raised to 95—-105° during 6 hours, the cooled, decanted reaction mixture was filtered, and the filtrate fractionated . 
to give B-tert.-butylnaphthalene (I), b. p. 125°/4 mm., 137—139°/17 mm., 274—277°/756 mm. (yield of pure compound, 
61 g.; 33-1%) (Found: C, 91-0; H, 8-95. Calc. for C,,H,,: C, 91-3; H, 8-7%). Naphthalene from lower fractions and 
di-tert.-butylnaphthalenes from the higher-boiling fractions are best removed 7 cooling and filtration. The picrate 
crystallised from dry alcohol in yellow needles, m. p. 100—101-5° (Found: C, 57-6; H, 4-6; N, 10-4. Calc. for 
: 58-1; H, 46; N, 10-2%). 

Fractional crystallisation from alcohol of the solid residues (yield, approximately 12%) from the fractions, b. p. 
280—330°, yielded the di-tert.-butyInaphthalenes described by Gump, and by Fieser and Price (loc. cit.), viz., large 
colourless plates, m. p. 146—147° (Found: C, 90-0; H, 9-8. Calc. for C,,H,,: C, 90-0; H, 10-0%) (does not form a 
picrate), and colourless needles, m. p. 85—90° (repeated crystallisation raises m. p. to 90—95°), best purified by conversion 
into its picrate, golden-yellow needles, m. p. 157—158°, and regeneration by warm dilute alkali. 

(b) Condensation of isobutyl bromide with naphthalene. Naphthalene (85 g.), isobutyl bromide (44 g.), and powdered 
anhydrous zinc chloride (30 g.) were refluxed on the water-bath for 24 hours. Distillation of the dark reaction mixture 
gave a b. p. 275—278° (yield, 14 g.; 23-7%), identical with (I). No di-tert.-butylnaphthalene 
was obtained. 

(c) Dehydrogenation of B-tert.-butyltetrahydronaphthalene. Tetrahydronaphthalene (396 g.; 3 mols.), tert.-butyl 
chloride (92-5 g.; 1 mol.), and powdered anhydrous zinc chloride (28 g.; 0-2 mol.) reacted, under conditions similar to 
those described in (a), to give B-tert.-butyltetrahydronaphthalene, b. p. 138—140°/18 mm., 262—264°/752 mm. (yield, 
57 g.; 30-3%) (Found: C, 89-5; H, 10-6. Calc. for C\gH,.: C, 89-4; H, 10-6%), which does not form a picrate. It 
(56 g.) was heated with sulphur (19-5 g.) in an oil-bath at 215—-230° for 4 hours and gave f-tert.-butylnaphthalene, b. p. 
274—278° (yield, 32 g.; 58-4%), identical with (I). 

2-tert.-Butyl-1 : 4-naphthaquinone (I1).—Chromic acid (10 g.) in 50% aqueous acetic acid (25 c.c.) was added rapidly 
to a solution of (I) (5 g.) in acetic acid (35 cic.), and the mixture stirred at 65—70° for 2 hours. The diluted reaction 
mixture was distilled with steam. 2-tert.-Butyl-1 : 4-naphthaquinone (II) (yield, 1-8 g.; 31%) crystallised from alcohol 
or ligroin in yellow plates, m. p. 76—77° (Found: C, 79-05; H, 6-5. C,,H,,O, requires C, 78-5; H, 65%). When 
(II) (1 g.) was refluxed in water (20 c.c.), and potassium permanganate (2 g.) in water (50 c.c.) added, phthalic acid (0-12 g.) 
was obtained. The derived phenylhydrazone (IIIa) crystallised from alcohol in red needles with a green reflex, m. p. 
190—191° (Found: C, 78-3; H, 6-7; N, 9-3. C9H,.ON, requires C, 78-95; H, 6-6; N, 9-2%), and the p-nitrophenyl- 
hydrazone (IIIb) from acetic acid in minute, orange prisms, m. p. 264—265° (decomp.) (Found: C, 68-6; H, 5-4; N 
12-3. Cy9H,,O,N, requires C, 68-8; H, 5-4; N, 12-0%). 

Synthesis of B-tert.-Butyl-tetrahydronaphthalene and -naphthalene.—tert.-Buty1 alcohol (74 g.; 1 mol.) was condensed 
with benzene (390 g.; 5 mols.) by stirring at room temperature with anhydrous ferric chloride (162-5 g.; 1 mol.) or 
aluminium chloride (133-5 g.; 1 mol.), for 7 or 4 hours, respectively, to give tert.-butylbenzene, b. p. 164—168° (yield, 
59 g., 44%, or 81 g., 60-5%, respectively) (cf. Potts and Dodson, loc. cit.). This was converted into B-(p-tert.-butylbenzoyl)- 
propionic acid (IV) (cf. Fieser and Price, loc. cit.); the semicarbazone crystallised from aqueous acetic acid in colourless 
prisms, m. p. 204—205° (decomp.) (Found: C, 62-4; H, 7-2. C,,;H,,0,N, requires C, 61-8; H, 7-2%). Compound 
(IV) (35 g.) was refluxed with hydrochloric acid (300 c.c.) and amalgamated zinc (70 g.) for 15 hours, and the mixture 
cooled and filtered; the solid, together with an ethereal extract of the filtrate, yielded y-(p-tert.-butylphenyl) butyric 
acid, b. p. 218—221°/30 mm., which crystallised from ligroin in colourless, prismatic needles, m. p. 59—60° (yield, 27 g. ; 
82%). It (45 g.) was heated with thionyl chloride (52 g.) in ligroin (230 c.c.; b. p. 60—80°) on the water-bath for 3-5 
hours and yielded y-(p-tert.-butylphenyl) butyryl chloride (V), b. p. 152—154°/14 mm. (yield, 41-5 g.; 85%). The corre- 
sponding butyramide crystallised from alcohol in colourless plates, m. p. 132—134° (Found: C, 77-0; H, 9-45; N, 6-55. 
C,,H,,ON requires C, 76-7; H, 9-6; N, 6-4%). 

Compound (V) (31 g.) in ligroin (30 c.c.; b. p. 60—80°) was added to aluminium chloride (21 g.) covered with ligroin, 
and the mixture refluxed for 3 hours. The cooled mixture was decomposed with cold dilute hydrochloric acid and 
filtered hot; the ligroin layer, combined with an ethereal extract of the residue and — liquor, yielded 1-keto- 
7-tert.-butyl-1 : 2: 3 : 4-tetrahydronaphthalene (V1), which crystallised from alcohol in colourless leaflets, m. p. 101—102-5° 
(yield, 19 g.; 72-3%) (Found: C, 83-0; H, 8-8. C,,H,,O requires C, 83-2; H, 8-9%). The semicarbazone crystallised 
225-226° (Found: C, 69-4; H, 7-9. C,;H,,ON, requires C, 69-5; 


b ‘ 

The ketone (V1) (14-6-g.) was refluxed with hydrochloric acid (350 c.c.) and amalgamated zinc (100 g.) for 30 hours. 
The hydrocarbon was removed by distillation with steam, and unreduced ketone further treated as described. Ethereal 
extracts of the combined steam distillates gave B-tert.-butyltetrahydronaphthalene, b. p. 135—136°/16 mm. (yield, 
5-8g.; 43%). It(5-64g.) was heated with sulphur (1-92 g.) at 220—230° for 3-5 hours, and the dark oil distilled with steam 
in presence of sodium carbonate. The resulting f-tért.-butylnaphthalene, b. p. 124—125°/5 mm. (yield, 4-1 g.; 74:3%), 
afforded a picrate, m. p. 100—101-5°, identical with that obtained from (I), and chromic acid oxidation of the hydrocarbon 
gave (II), m. p. and mixed m. p. 76—77°. 

4-tert.-Butylphthalic Acid and Anhydride.—f-tert.-Butyltetrahydronaphthalene (36 g.) was stirred vigorously under 
reflux with water (200 c.c.) and sodium carbonate (30 g.) at 95°, and potassium permanganate (210 g.) added — 
during 30 hours. After filtration, an ethereal extract of the acidified filtrate gave a sticky substance (29-3 g.), whic 
was probably a mixture of the two isomeric ¢ert.-butylphthalonic acids with some tert.-butylphthalic acid. This mixture 
(18-3 g.) was dissolved in 12% cold aqueous sodium hydroxide (60 c.c,), and hydrogen peroxide (100 vol.; 20 c.c.) added 
slowly, with shaking. There was some effervescence and, after 3 hours at room temperature, the mixture was acidified 
with hydrochloric acid and extracted with ether. Removal of the ether gave an oil (15-5 g.) which solidified after several 
hours at room temperature. Crystallisation from benzene gave 4-tert.-butylphthalic acid in colourless plates, m. p. 
160—161° (yield, calc. on the B-tert.-butyltetrahydronaphthalene, 26-6%) (Found : C, 64-5; H, 6-15. C,,H,,O, requires 
C, 64-9; H, 63%). Heating with acetic anhydride gave’ 4-tert.-butylphthalic anhydride, which crystallised from ligroin 
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in colourless plates, m. p. 75-5—76-5° (Found : C, 70-8; H, 5-7. C4,H,,0, requires C, 70-6; H, 5-9%). These compounds 
gave a strongly positive fluorescein test. ' 
The authors thank I.C.I. (Dyestuffs) Ltd. for a grant in aid of this work, and also for gifts of chemicals. 
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46. Molecular Volume and Structure. Parts V and VI. 
By T. W. GIBLING. 


Part V. 


The parachors of the simpler organic compounds containing nitro-, nitrito-, azo-, diazo-, triazo-, cyano-, 
and isocyano-groups are considered; group values are calculated, certain peculiarities of structure discussed, . 
and the necessary “‘ interference corrections’ assessed. The polarity of the molecules of alkyl cyanides 
appears to produce an effect similar to that already observed in the case of carbonyl compounds. 


From three concordant values recorded for the parachor of nitromethane, the standard value (S.V.) for the 
nitro-group, (C)-NO,, can be assessed with reasonable certainty at 76-8. This value is obtained by fixing S.V., 
CH,-— at 55-2 (see ‘‘ Ethers,’’ Part II, J., 1941, 304). Groupings (I) and (IIT) have been found toinvolve decreases 


\cH,—Nn& 
(I.) (I1.) (III.) (IV.) 
in S.V. of 2:2 and 2-6, respectively (Parts I and II, J., 1941, 299, 304). It may be assumed that grouping (II) 
will require a correction of intermediate amount, viz., —2-4. The ideal S.V. for -CH,-, uncorrected for inter- 


ference between the groups to which it is attached, has been assessed at 42-0. Hence the normal S.V. of 
is 42-0 — 2-4 = 39-6. Thus: 


Nitroparaffin. S.V., calc. E.C.* .[P], calc. [P], obs.t Diff., %. 
132-0 132-1 132-1 [3] +0-0 
171-6 +0°3 171-9 171-2 —0-4 


* “ Expansion correction,” see Part I, loc: cit. . 
a t peg values recorded here and in subsequent tables are, unless otherwise stated, taken from Brit. Assoc. 
ep., , 265. 


In the above calculation of the parachor of nitroethane, it is assumed that no extra interference is involved 
in the structure of the molecule, i.e., that the plane of the -NO, group is approximately at right angles to that 
of (II). If both parts of the molecule were in the same plane, as in (IV), interference would occur between 
C and O (as indicated) with consequent reduction in S.V. of the order of 2-0, as for the carbonyl 6 correction 
(Part II, loc. cit.).* 

Attachment of carbon and oxygen to the benzene ring has been estimated to involve the same corrections . 
as for (I) and (III) (Part III, J., 1942, 661), so that of nitrogen is similarly assumed to be —2-4. Calculations 
are conveniently shortened by evaluating the groups phenyl, phenylene, etc. Since full group values, un- 
uncorrected for outside interference, are: C,H,-, 192-4; -C,H,-, 179-2; >C,H;-, 166-0, normal S.V. are as 


follows : 
C,H; 190-2 C)C,Hy(C), 174-8 (N)-C,H,(O), 1742 
189-8 (C), 159-4, and so on. 


These values include the reduction in S.V. brought about by interference between the atoms of the ring and 
those atoms directly attached to it, but not reductions due to o-, m-, or p-substitution. 

For —NO, attached to the benzene nucleus to give a structure as inset, we may expect, in addition to the 
above correction of —2-4, two further reductions of about 2-0 units each, due to interference of the oxygen 
fe © atoms with atoms of the ring, each interference being supposed to be of the same order as that 

\w7 __siproduced by the oxygen of a carbonyl group attached to the ring. Thus the total correction for 
attachment of -NO, is —6-4. This number agrees almost perfectly with that derived from the mean 

\\. _ of four independent determinations of the parachor of nitrobenzene. For most of the compounds 

¢ _in Table I (in which halogenobenzenes are included for purposes of comparison), it is convenient 

to derive the calculated values fromthe S.V. of benzene (205-6) by addition of .the amount corresponding 
to substitution of the required group, as obtained from the standard values of the parachors of toluene, 
anisole, chlorobenzene, etc. Increments required are: -CH;, +39-8; —O-CH;, +59-4 (Part III, foc. cit., 
p- 664); —-NO,, +57-2; -Cl, +38-2; -Br, +52-1; -I, +745. 

* (Note added in proof.) The results of Boyd and Copeland (J. ‘Amer. Chem. Soc., 1942, 64, 2540) for nitr 
as far as’ butyl, including isopropyl and sec.-butyl, which have just become available, show the effect of the strongly 
polar nitro-group in attracting the remainder of the alkyl chain. . The extra corrections required appear to be: B,—1-0; 
y,—2°7; 8,—0-5. For branching chains these corrections apply to only one of the branches. 
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TABLE I. 

Compound: S.V., calc. EC. [P], calc. [P], obs. Diff., %. Corrns. applied.* 
Chlorobenzene 243-8 +0°5 244-3 244-35 [2] +0-0 
Bromobenzene 257-7 +0°6 258-3 258-8 [3] _+0-2 
280-1 +0°7 280-8 281-5 [2] +0-2 
o-Chlorotoluene 


p-Todotoluene 317-7 +1-0 318-7 318-6 —0-0 
p-Dichlorobenzene ............... 279-8 +0-7 280-5 279-5 —0-4 
p-Chlorobromobenzene ......... 293- +0°8 294-5 292-5 —0-7 
-Chloroiodobenzene ............ 316- +1-0 317-1 316-4 —0-2 ” 
262-8 +0°6 263-4 263-3 [4] —0-0° 
299-9 +0°8 300-7 301-1 —2-7: o- 
m- | 300-9 +0°8 301-7 300-6 —0-4 —1-:7: m- 
300-4 +0°8 301-2 301-6 —2-2: p- 
319-5 +1-0 320-5 320-5 +0-0 —2-7: o- 
320-0 +1-0 321-0 322-0; —2-2: p- 
o-Chloronitrobenzene 298-3 +0-°8 299-1 299-9 —2-7: o- 
m- a... 299-3 300-1 298-9 —0-4 —1-7: m- 
298-8 299-6 300-0 —2-2: p- 
-Bromonitrobenzene 312-2 +0-9 313-1 312-9 —2-7: o- 
m- 313-2 +0:-9 314-1 313-5 +0-2 —1-7: m- 
312-7 +0-9 313-6 313-5 —0-0 —2-2: p- 
2: 5-Dichloronitrobenzene ... 332-6 +1-0 333-6 335-4 +0°5 —6-6: 0-, m-, p- 
1-Chloro-2 : 4-dinitrobenzene 351-6 +1-2 352-8 } belo { oe 
1-Chloro-3 : 4-dinitrobenzene 351-6 +1-2 352-8 


* As for the xylenes (Part III, Joc. cit.). ' : 
+ For o- and m-: Sugden and "Wilkins (J., 1925, 2517); for p-: re -y and Singh (J. Chim. physique, 1928, 25, 
21). Sugden (J-, 1924, 1167, 1177) also gives o-, 297-7; m-, 297-0; 


and Markowitsch- (J., 1936, 36). Sidgwick ‘and Bayliss (J., 1930, 2027) found o-, 322-1; 
p-, i 


The parachors of the last two compounds both vary with temperature, ¢.g., 


40 50 
347-8 


349-3 


Sickmann and Menzies (J. Amer. Chem. Soc., 1930, 52, 3328) recorded these results, but Mumford and Phillips 
(ibid., p. 5295) found that the parachor of the 2 : 4-dinitro-compound continued to increase until it reached 
the calculated value, 352-8, at 173-5°, after which it began to decrease, having fallen to 351-5 at 204-2°, the 
highest temperature employed. 

The ideal (uncorrected) S.V. of the nitrito-group, (C)-O-N—O, would be expected to be only slightly different _ 
from that of the nitro-group (cf. CH,-CH,-OH and CH,-O-CH,, Part VI). Its normal value (i.e., the S.V. 
corrécted for interference among constituent and attached atoms) appears to be 75-3. 


Nitrite. S.V., calc. E.C. [P], calc.  [P], obs. _ Diff., %. 
130-5 +01 130-6 130-6 * +0-0 
169-9 +0-3 170-2 169-0 * —0-7 
806 +0-6 250-1 251-8 + 
287-1 +0-8 287-9 287-4 + —0-2 


* Noyes and Singh (J. Amer. Chem. Soc., 1936, 58, 802). 
t Sugden, Reed, and Wilkins (J., 1925, 1525). 

Azo-, diazo-, and triazo-groups are estimated to have the following normal S.V.: (C)‘N—N-(C), 51:8; 
53-2; (C)‘N—N—N, 79-9. Inthe assessment of interference corrections for compounds containing 
these groups, it has been assumed that the nitrogen atoms produce interferences of the same order as those 
given by carbon atoms: the nitrogen atom is rather smaller than the carbon atom, but the consequent closer 
association of the neighbouring atoms will tend to compensate for this. For aromatic o-compounds in which 
one of the substituted groups consists of two or more of these atoms in close association, i.e., joined by a double 


(V.) (VI.) (VIT.) (VIII. 


or a triple bond, the ordinary o-correction appears to be augmented and to become —4-7. This is the case with 
—-N,- (V), “N, (VI), and also with —-CN (VII) and-NC (VIII). Details are given in Table IT. 


281-4 +0-7 282-1 283-6 +0°5 —2-2: p- 
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Compound. S.V., calc. 
2: 2’-Azobispropane ......... 316-2 
2 : 2’-Azobisbutane ............ 395-8 
Diethyl azoformate ............ 373-8 
Ethyl benzeneazoformate ... 400-4 
427-0 
o-Methylazobenzene ......... 462-1 
oo’-Dimethylazobenzene ...... 497-2 
mm’- 503-2 
o-Methoxyazobenzene ......... 484-4 
p- 484-9 
191-4 
Methyl diazoacetate......... 206-9 
Ethy 246-3 
Methyl diazomalonate ...... 304-5 
Ethyl 381-1 
221-2 
Triazoacetic ester ............ 276-1 
267-5 
p- 305-1 
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TABLE II. 


[P}, calc. 
317-1 
397-3 
375-1 
401-9 
428-8 
464-2 
467-2 
499-7 
505-7 
486-7 
487-7 
487-2 
191-7 
207-3 
246-9 
326-9 
305-4 
382-5 
221-6 
276-8 
268-2 
303-5 
306-0 


[P], obs. Diff., % 
3184+ +0-4 
3955+ 
377-1¢ +05 
400 — 
4295+ 402 — 
463-8 — 
+00 — 
501-3 +403 — 
50463 — 
486-9§ +00 — 
486-9§ — 
4850§ —05 — 
191-9|| 401 — 
207-2 || —0-0 
248-3 || 
326-0 || —03 
305-4 || 400 — 
381-6 || —02 — 
22099 —03 — 
27709 
26739 — 
303-89 +01 — 
30704 +03 — 


WES Om to 


Parts V and VI. 


Corrns. applied.* 


as EtPh 

: as 2EtPh 

‘5: as 2EtPh; o- (aug.) 

: as 2EtPh; m- 

: as 2EtPh; 2o0- (aug.) 
: as 2EtPh; 2m- 

: as 2EtPh; ArOa; o- 
: as 2EtPh; ArOa; m- 
: as 2EtPh; ArOa; p- 
: as carb. B 


2carb. B; // chns. 


as 
: as 2carb. B; // chns. 
as 


carb. B 


: as EtPh 
: as EtPh; o- (aug.) 
: as EtPh; p- | 


* “as EtPh’”’ = corrn. as for ethylbenzene (Part III, loc. cit.); ArOa = corrn. for the a-C atom in an ether chain 


(as in anisole); o- (avg.) = augmented o-corrn. (see above); as carb. 


attached to carbonyl (Part II, Joc. cit.); // chns.—see alkyl malonates (Part II, p. 309). 

+ Barricke, Drake, and Lochte (J. Amer. Chem. Soc., 1936, 58, 160). 
|| Lindemann, Wolter, and Groger (Ber., 1930, 68, 702). 
{| Lindemann and Thiele (Ber., 1928, 61, 1529). 


¢~ Lindemann and Groger (Ber., 1930, 68, 2572). 
§ Burawoy and Markowitsch-Burawoy (loc. cit.). 


8 = corrn. as for the B-C atom in a chain 


It might be expected that, in consequence of the negative polarity of the nitrile and the isonitrile group, 


total for the four, —5-8 (see inset). 


the earlier part of an attached carbon chain would bend towards this group, just as it seems to do 
in the case of a carbonyl group (Part II, Joc. cit.). 
cyanides, in which the following extra corrections are suggested for alkyl groups involving 
carbon atoms constituting the chain attached to -CN:8, —1:3; y, —0-8; 8, —2-6; «, —1-1; 
In the case of a branching chain, the corrections apply to 


This is confirmed by the parachors of the alky] 


only one of the branches. From the parachor (mean value) of acetonitrile, S.V., (C)‘CN = 66-6. 


Detailed results are in Table III. 


x. S.V., calc. 

121-8 
160-3 
199-3 
236-9 
236-5 
274-1 
275-2 
315-0 
354-8 
394-6 
256-8 
291-9 
292-9 
122-0 
160-3 
256-8 
291-9 
294-4 
o-Methoxypheny] ............... 313-5 


* All determinations are by Lindemann and Wiegrabe (Ber., 1930, 68, 1650), rary ae 


TABLE III. 
E.C [P], calc. [P], obs.  Diff., %. 
Cyanides, R°CN. 
- 1321-9 121-9 [2] +0-0 
+0-2 160-5 160-5 +0-0 
+0-4 199-7 199-8 [4] +0-1 
+0-6 237-5 237-35 [2] —0O-l 
+0-6 237-1 237-0 [2) —0-0 
+0-°8 274-9 275-0 +0-0 
276-0 276-6 +0-2 
+1-0 316-0 316-1 
356-1 356-0 —0-0 
396-2 395-2 
+0-6 257-4 257-6 [3] +0-1 
+0°8 292-7 292-2 [4] —0-2 
+0°8 295-7 295-6 —0-0 
+0-8 295-2 295-2 [3] +0-0 
+0-8 293-7 293-5 [2} 
isoCyanides, R-NC.* 

122-1 122-1 +0-0 
+0-2 160-5 164 +2-2 
+0-6 257-4 255-2 
+0-8 292-7 292-9 +0:1 
+0-8 295-2 295-5 t¢ +0-1. 
+0-9 314-4 314-1 - —0-1 
+0-9 314-9 314-5 ¢ 


which is by Hammick, New, Sidgwick, and Sutton, who also record the following: 


Corrns. applied. 


_13: CN, B 
—2-1: CN, By 


—4-7:'CN, B, y, 8 
—5°8: CN, B, y, 3, 


: o- (aug.) 
—1-7: m- 

—2-2: 

—3-7: EtPh; CN, B 


: as CN B 
(aug.) 
—2-6; o- 
p- 
fi 


or 
316 (J., 1930, 1876). 


The general agreement of calculated and observed parachors for aromatic nitriles confirms the approximate 
accuracy of the value used for the CN group. The standard value of the isonitrile group is naturally very little 
different from that of the nitrile group: S.V., (C)-NC 66-8. 
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Part VI. 


The parachors of hydroxy-compounds, amines, alkyl halides, and compounds containing ethereal oxygen atoms are 
discussed. For those substances which are associated at room temperature—alcohols and phenols, primary and 
secondary amines—parachors are estimated for the same substances existing as single molecules. As a general 
conclusion to the study of homologous series: the configuration of a carbon chain is determined primarily by the 
polarity of that part of the molecule to which it is attached. 


The properties of most compounds containing hydroxyl, amino-, or imino-groups show that in the liquid 
state their molecules are more or less associated. It is generally accepted that the substances exist partly as 
chains of molecules, bound together by resonance and gradually dissociating as the temperature rises. This 
‘is confirmed by their parachors, which are usually considerably smaller than those of any non-associated isomers 
but steadily increase with rise in temperature : for aliphatic alcohols, the parachors at rooni temperature are 
some 5% smaller than those of isomeric ethers and the CH, parachor increment is also about 5° less than 
normal. The parachors of methyl and ethyl alcohols have been determined at a series of different temperatures 
(Sugden, ‘“‘ The Parachor and Valency,’’ 1929, pp. 27, 207). The graphs for both alcohols take the same form 
and may be continued to infinite temperature. Assuming that these extrapolated values represent the true 
parachors of the fully-dissociated alcohols, we have : 


From these results group values may be derived as follows : 


. S.V.,CH,°CH,°OH 


S.V., (C)-*CH,*(O) here has a value identical with that found for the same group in carboxy-esters (Part II, 
J., 1941, 304). 

The difference between the theoretical parachor of a hydroxy-compound, as calculated from group values 
and interference and expansion corrections, and the parachor determined experimentally at a given temperature 
may be regarded as a “‘ packing correction,’”’ and is conveniently recorded as a percentage of the theoretical 
parachor. For instance, at the lowest and the highest temperature used in each case : 


Methyl alcohol : [P], calc. = 94-5. Ethyl alcohol : [P}, calc. = 134-0. 
Temp. [P], obs. Diff. Packing, %. Temp. [P], obs. Diff. . Packing, %. 
— 65° 86-7 —78 8-3 — 87° 124-2 —9-8 7-3 
+190 91-9 —2-6 2-8 +200 131-0 —3-0 2-2 


The parachor of phenol has been determined at a series of temperatures by Sidgwick and Bayliss (J., 1930, 
2027) and by Buehler; Wood, Hull, and Erwin (J. Amer. Chem. Soc., 1932, 54, 2398), but the results do not lend 
themselves to accurate extrapolation. This parachor can be calculated as follows: S.V., CgH,*(O), 189-8 + 
(C)-OH, 39-2 = 229-0; E.C., +0-5; [P], calc., 229-5. From the former determinations : 


Temp. [P], obs. Diff. Packing, %. Temp. [P], obs. Diff. Packing, %. 
49-6° 222-3 —7-2 3-2 147-5° 224-8 —4:7 2-1 


In the other determinations, [P], obs., increased from 222-0 (50°) to 223-1 (150°). 

Ring formation has been suggested by Sidgwick (J., 1924, 527; 1930, 2027; Amn. Reports, 1924, 104; 
“ The Electronic Theory of Valency,” 1927, 147) to account for the comparatively low value of the parachor, 
and for other anomalous properties, of the o-isomer among certain substituted phenols. The parachors of 
o-hydroxy-derivatives of benzaldehyde, methyl benzoate, and p-methoxybenzaldehyde are 2 or 3% less than the 
calculated values, whereas those of the m- and p-compounds are more nearly normal; e.g., for p-hydroxy- 


benzaldehyde : 
{O) 174-4 Corrns.: carb. B ............ —2-0 = group values ............ 280-9 
Compound. S.V., calc. E.C. [P], calc. [P], obs. Diff., %. Corrns. applied. 
m-Hydroxybenzaldehyde ...... 277-2 +0-7 277-9 274-5 —1:3 —3-7: carb. B; m- 
- 276-7 +0-7 277-4 278-2 * +0-2 —4-2: carb. B; p- 
Methyl p-hydroxybenzoate ... 331-0f +1-0 332-0 331-8 ” 


* Burawoy and Markowitsch-Burawoy (loc. cit.) obtained values increasing from 275-6 at 117° to 277-2 at 145°. 
t S.V., (C)*CO-O-(C) = 66-4. 


= 0-2 
S.V..CH,;OH 33-8 
133-8 
94-4 | 
S.V.,(C) OH ............... 39-4 
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According to Sidgwick, it is probable that in the corresponding o-hydroxy-compounds a closed chain is 

produced by means of a hydrogen-bond between two oxygen atoms. The reduction in parachor involved 

in the formation of the new six-membered ring (as inset) should be fairly large, because it would 

include not only the usual internal interference corrections but also the decrease in volume due to 

the union, or closer association, of the carbonyl oxygen atom with the hydrogen of the hydroxy] 

group. On the other hand, the new correction will also include those for interference between 

the carbonyl group and the benzene ring and for interference between hydroxyl and the ring, as 

well as the o-correction, none of which must therefore be counted again. The new correction appears to be 
about —17:9. For o-hydroxybenzaldehyde : 


(C)-CHO 67-3 , Ring corms.: —13-4 + —17-9 = —31°3 
(C) -OH 39-2 | Hence 267-8 
Compound. S.V., calc. E.C. [P], calc. [P], obs. Diff., %. 
Salicylaldehyde ..........++.. 267-8 +0-7 268-5 268-0 —0-2 
Methyl salicylate 322-1 +1-0 323-1 322-9 [2] —0-1 
323-3 * +1-0 324-3 325-1 +0-2 


* Extra corrns. applied, —5-4: ArOa; m-, p- (see Part III, Joc. ctt.). 


The S.V. of methyl ether (131-9; see Part II, loc. cit.) is decidedly smaller than that of ethyl alcohol in the 
unimolecular state (133-8) on account of the comparatively large interference between two carbon atoms linked 
to the same oxygen atom. In order to estimate the magnitude of this effect, as compared with that of (III), 
which is considered to involve a correction of — 2-6, one must know the parachor for H,O. The parachor of 
water, regarded as H,O, decreases slowly from 53-1 at 0° to 52-0 at 130° (Sugden, op. cit., p. 169), and so is 
larger the greater the degree of association of its molecules, in contrast with the alcohols, for which the reverse 
holds. From Sugden’s results it appears that the parachor for the substance existing as single molecules 


would be about 51-7, and, since the expansion correction for this value is negligible, S.V., H,O is also 51-7. 
Consider the following : 


Group. s.V. ‘Diff. Change in diff. Ideal S.V. Const. diff. 
39-2 —12-5 39-2 —12-5 


—17-7 —5-2 26-7 —12-5 


Supposing, as for the paraffins and olefins (Part I, loc. cit.), that the hydrogen atoms are too small to produce 
appreciable interferences, one finds that the correction due to grouping ‘C-O-C: is —5-2. The ideal (uncorrected) 
S.V. of methyl ether will then be 131-9 + 5-2 = 137-1, whereas that of ethyl alcohol, uncorrected for interference 
(III), will be 133-8 + 2-6 = 136-4, i.e., only 0-7 unit less. It was not expected that these ideal standard 
values would be identical, since the structures to which they correspond involve different linkages (see Part I, 
p. 300). 

The parachors of methylamine and dimethylamine have been determined at different temperatures (Sugden, 
op. cit., p. 170), but the ranges are too small for extrapolation. However, the probable parachor of the former, 
as a liquid consisting of separated molecules, can be obtained by comparison of the S.V. of corresponding 
compounds of carbon and oxygen with those of nitrogen: S.V., CH,OH is 42-7 units greater than S.V., HOH 
(see above), and S.V., CH,*CHy (110-4) is 42-0 greater than S. V., CH, (which will be 55-2 + 13-2 = 68-4, since 
CH, may be regarded as the first member of the series CH, CH,, CH, C; see Part I, p. 302, “ Ideal S.V.’’). 
Then S.V., CH;*NH, should be about 42-4 units greater than S.V., H-NH,, 60-7 (Sugden, ibid.). Hence, S.V., 
103-1; deduct CH,-, 55-2; S.V., (C)‘NH, = 47-9. 

‘Of the parachor of trimethylamine, supposedly non-associated, the mean of three reasonably concordant 
values measured between —32° and —4° is 178-9 (Sugden, ibid.). Since E.C. is —0-3, S.V., N(CH;), is 178-6; 
deduct 3 CH,— at 55-2, 165-6; S.V., (XII) = 13-0. ; 


NH, (C)-NH, (cj >NH N<E 


(IX.) (X.) (XI.) (XII.) (XIII.) 


From the above group values one arrives at the following series : 


Group. S.V. Diff. Change in diff. IdealS.V. Const. diff. 
47-9 —12-8 47-9 —128 
32-0 —15-9 . 35-1 —12-8 
13-0 -—19-0 —3-1 . 


If the hydrogen atoms produce no appreciable interference, correction for grouping (XIII) becomes —%-J. The 
ideal group values, uncorrected for interference, will then be as above. 
The extent of the packing effect in some amines at different temperatures is shown in the following -able : 
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Amine. S.V., calc. E.C. [P], calc. Temp. [P], obs.* Packing, %. Corrns. applied. 
Methylamine ............ 103-1 +0-1 103-2 —70° 95-1 7:8 -—— 
—20 96-8 6-2 
Dimethylamine ......... 142-4 +0-2 142-6 —78 _ 133-4 6-5 —_ 
— 136-6 4-2 
237-9 +0°5 238-4 50 235-2 13 
150 236-6 0-8 
275-0 275-7 50 272-0 13 —2-7: o- 
150 273-3 0-9 
276-0 +0-7 276-7 25 269-4 2-6 —1-7: m- 
150 273-3 1-2 
275-5 276-2 50 270-5 2-1 —2-2: p- 
120 273-5 1-0 
m-4-Xylidine ............ 310-9 +0-9 311-8 307-2 1-5 —6-6: o-, m-, p- 
309-7 0-7 
* Results of Buehler, Wood, Hull, and Erwin (loc. cit.), that parachors of aliphatic amines are due to 


Sugden (J., 1924, 1167), from whose results also the fo wing are d : aniline, 234-2 (15°), 237-4 (164°) ; p-toluidine, 
269: 5 (51°), 275-9 (184°). 


The parachors of some’of the simpler compounds of carbon, nitrogen, oxygen, and fluorine can be roughly 
checked among themselves by plotting S.V. of series of substances like the following against atomic numbers 
of the elements: the S.V. of the members in each series should lie smoothly on a curve (see fig.). In Table I, 
S.V. are obtained from parachors recorded or calculated as in Parts I and II _ cit.) or in the present part, 
except that asterisked values have been interpolated. 


TABLE I, 


. . 
. 
. 


A Subst. 
. CH(CH,), «..... 187-8 CH(C,H;), «..... 
‘1 CjHyNH, ...... 142 1424 


The parachors of the normal alkyl halides indicate that the earlier part of the alkyl chain tends to bend 
backwards towards the halogen atom. On the other hand, the 
parachors determined for the isobutyl and isoamy] halides suggest 70 & 

- that in these molecules, which contain symmetrically branched 
chains, no such bending occurs, since each of the parachors agrees 
a with that observed for the corresponding ethyl com- 60 
X g pound, i.e., the S.V. may be obtained by allotting 
normal values to the alkyl groups in the carbon 


(C)CHy, 552; (C)-CH,(C), 39:8; 
€ Pa (CCH (C), 22-2. The following appear to be the 


parachor values of the groups of type (C)-CH,X: (C)-CH,Cl, 96-1; 

(C)-CH,Br, 110-3; (C)-CH,I, 131-6. [Values for (C)*X and 
(C)-CH,*(X) cannot be determined with any certainty from 30+ 
existing data.] For normal alkyl bromides and iodides the extra 


50 

40} 


interference effects extend as far as the 5th carbon atom in the : ’ ? ‘aii 
chain. (The riormal chlorides have not been investigated beyond 7205 7 8 9 10 
amyl.) The corrections required for bromides and iodides seem Atomic numbers. 

to be about the same : ‘ 


—0-'7 —1:5 —06 
Total, 


The corresponding CH, increments from y to ¢ are 39-1, 38- 3, and 39-2, respectively, after which the normal 
value of 39-8 holds. In Tables II values of [P], obs., are from Hennant-Roland and Lek (Bull. Soc. chim., 
1931, 40, 177), except that for isoamy] chloride, recorded by Sugden (J., 1924, 125, 1177). 

From examination of the parachors of ethyl, propyl, butyl, and higher members of various homologous 
series of carbon, oxygen, nitrogen, and halogen compounds {many of which have been listed in Parts I—VI), 
as well as of a few substances containing other elements, such as sulphur and silicon, it is concluded that the 


Subst. . $.V. Subst. S.V. Subst. S.V. 
CH. 382-4 
NH, 297-4 
OH, 210-7 
FH 122-2 * 
Subst! S.V. 
CH,’CH, 307-2 
CH,'NH, 221-6 
CH,°OH ......... 944 C,H ,OH ...... 1338 CH,OH.......... 944 ...... 133-8 


Gibling : Molecular Volume and Structure. Parts V and VI. 


TABLE II. 
Halide. S.¥., calle. EC. [P], calc. [P], obs. Diff., %. 


151-3 +0-2 151-5 « 151-6 +0-0 
$s0Butyl Chilotide 228-7 +0°5 229-2 _ 228-4 —0°-4 
268-5 +0-7 269-2 269-8 +0-2 
242-9 +0°5 243-4 243-8 +0-2 
itsoAmy] bromide 282-7 +0-7 283-4 282-9 —0-2 
186-8 +0-3 187-1 187-0 —0:1 
264-2 +0°6 264-8 265-0 
165-5 +0-2 165-7 165-7 +0-0 
Propyl ,, 204-6 204-9 205-3 +0-2 —0-7: Hal 
Butyl 242-9 243-4 243-5 +0:0 —2-2: Hal y, 
Amyl a 282-1 +0-7 282-8 283-6 +0°3 —2-8: Hal y, 3, « 
Hexyl _,, 321-9 322-9 322-8 —0:0 
~~ . 361-7 +1-3 363-0 363-0 +0-0 
401-5 +16 403-1 402-4 —0-2 
225-9 +0-5 226-4 226-0 —0-2 —0-7: Hal y 
+0°6 264-8 264-7 —0:0 —2-2: Hal y, 
+1-1 344-3 344-1 —2-8: Hal y, 3, « 


configuration of a carbon chain is determined primarily by the polarity of that part of the molecule to which it 
is attached; e.g. : 


[P], SiEt,, 412-1; E.C., —1-6; S.V., 410-5. [P], SiPr,, 565-3; E.C., —3-1; S.V., 562-2. 


S.V., SiPr, would be expected to be 4 x 39-8 units greater than that of the ethyl compound, or 569-7; actually 
it is 7: ‘5 less than this, whence the correction for interference between Si and the y-C atom, as in (XIV), is about 


NS 
NG 


(XIV.) (XV.) (XVI) 


—1-9. Similarly with tripropylamine, the calculated S.V. of which is 416-8: the mean of the two parachor 
values observed is 414-1; E.C. = —1-7, hence S.V., obs. = 412-4. This makes the y-C correction in (XV) 
—15. 
In alkyl ethers and esters of fatty acids, too, it appears that the polarity of the molecules comes into play, 
causing a bending of the alkyl chain towards the ethereal oxygen atom as in (XVI), just as in the other part of 
the fatty acid esters the acyl carbon chain has been supposed to bend towards the carbonyl oxygen (cf. Part II, 
loc. cit., pp. 305, 307). From the parachors recorded for alkyl ethers, a correction of —1-4 units seems to be 
required for dibutyl and higher compounds, but the correction for propyl ethers is negligible, i.e., there is no 
measurable interference between the oxygen atom and the y-carbon atom, whilst that between the oxygen 
atom and the 8-carbon atom produces a decrease in S.V. of 0-7. The latter part of the table of ethers 
(Part II, Joc. cit.) should then be amended as follows : 


Ether. S.V.,cal. [P], calc. [P], obs. Diff., %. Ethereal O corrn. 
368-5 413 369-8 369-9 +0-0 —1-4: 2 Bu 
448-1 42-0 450-1 449-9 —0-0 
443-7 +2-0 445-7 445-7 +0-0 


The parachors of the five isoamy] esters of fatty acids listed in Part II are, on the average, 1-] units less than 
the calculated values, but, in order to assess accurately the correction required, it will be necessary to know 
the parachors of butyl and higher formates, acetates, etc. From the parachor of ethyl orthoformate (Hammick 


O O) 
(0) (0)-CH,(0) (c)-cH< {9 
(XVIL.) (XVIIL.) (XIX.) (XX.) 
and Wilmut, J., 1935, 207), it appears that S.V., (XVII) = 17-7, whence the mutual interference of two oxygen 


atoms attached to a carbon atom, as in (XVIII), is —3-7; alsoS.V., (XIX) = 38-3; S.V., (KX) = 19-9 (see 
Parts I and II, loc. cit.). Hence, the parachor of this ester is calculated as follows : © 
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HR. If one assumes that acetals have a (non-planar) structure of the type inset, it seems 
of” No probable that the two outer carbon atoms are at such a distance from each other as to 
CH,R CH,R produce a decrease in S.V. of 2-2 (see similar cases in previous parts). Then for methylal : 

2CH,°(O) 110-4 group values ......... 191-7 
43-0 > Corrn., as above ...... —2-2 
38-3. J S.V., calc. 189-5 
Acetal. S.V., calc. E.C. [P], calc.  [P], obs. _ Diff., %. 
Methylal 189-5 +0°3 189-8 189-8 +0-0 
Dimethylacetal * ......... 226-3 +0°5 226-8 226-0 —0-4 
Diethylacetal * 305-1 +0-9 306-0 306-3 [2] +0-1 


* N.B.—Group (XX) occurs in these compounds. 


The chief group values and corrections deduced in these two parts are as follows: (C)-CH,*(N), 39-6; 
76:8; (C)-ON=0, 75-3; (C)-N=N-(C), 51-8; (CH=N=N, 53-2; 79-9; (C)-CN, 66-6; 


C):NC, 66-8; (C)‘NH,, 47-9; 32-0 (ideal S.V., 35-1); 13-0 (ideal S.V., 22:3); (C)-OH, 
39-2; (C)-O-(C), 21-5 (ideal S.V., 26-7); (C)-CH,-(O), 39-4; (O)-CH,-(O), 38:3; 19-9; 
17-7; (C)CH,Cl, 96-1; (C)-CH,Br, 1103; (C)-CH,I, 131-6; 


—3-7; —5-2. Corrections in alkyl chains: CN: 8, —1-3; —0-8; 8, —2-6; «, —1-1 (total, 


—5-8); BrandI: y, —0-7; 8, —1-5 ; e, —0-6 (total, —2-8). Various group values and corrections required 
for aromatic compounds with nitrogen and oxygen attached to the ring are in the text. 
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A7. The Structure, of Molecular Compounds. Part I. The Crystal 
Structure of p-Iodoaniline-s-Trinitrobenzene. 
By H. M. Powe G. Husk, and P. W. Cooke. 


All the atomic positions have been determined hy two- and three-dimensional Fourier analysis. It is found 
that there are no intermolecular distances less than the usual separations in molecular crystals. All formule 
for the compounds involving a covalency between the molecules are excluded. The closest approach of the 
two molecules is between the amino-group and some oxygen atoms of nitro-groups, which at most can correspond 
to a very weak hydrogen bond. One nitro-group approaches the aromatic ring of the p-iodoaniline molecule, 
but not closer than in crystals of picryl iodide, and interaction of the molecules may occur here. 


THE nature of the compounds formed between aromatic polynitro-compounds and other aromatic substances 
has been much disputed. Some of the theories proposed could be tested at once by consideration of the crystal 
structures of the compounds, but hitherto there has been no information as to the relative -positions of the 
atoms in these structures. X-Ray crystallographic methods have been used to examine a large number of these 
compounds in our laboratory, with different degrees of completeness of the structure determination for various 
compounds. It is impossible to publish the results in their logical order, since many portions of the work are 
postponed; but since the results for one compound in particular are especially significant and sufficiently 
complete, they are now presented out of their natural order. 
' A wide search, including many preliminary Fourier analyses of these compounds, showed that the molecular 
compound of p-iodoaniline and s-trinitrobenzene was suitable for a complete structure determination. The 
compound was obtained in dark red, monoclinic crystals elongated along [100], and developing mainly the 
forms {001}, {011}, {100} and {101}. They show strong negative double refraction with the optic axial plane 
parallel to (001) and the acute bisectrix almost parallel to [100]. The usual type of oscillation photographs 
revealed the approximate cell dimensions, number of molecules per unit cell, and space group. For the detailed 
structure determination Weissenberg photographs were obtained for rotation about the three principal axes. 
The zero layers were obtained for rotation about [100] and [001], and for rotation about [010] all practicable 
layer lines were also determined by the equi-inclination method. Copper-K« radiation was used throughout, 
and the apparatus employed was the camera of Buerger’s design (Z. Krist., 1936, 94, 87). Intensities were 
estimated visually for over 500 reflexions, and structure factors derived in the usual way. By Patterson— 
Fourier synthesis for the projections perpendicular to [010] and [100] the positions of the iodine atoms were 
obtained. This procedure gave for the unit cell: a = 7-43, b = 7:39, c = 28-3.4.; B = 103° 25’; space group 
P2,/c; four molecules of each of the components per unit cell; all atoms are in the general positions of the 
Space group, and the approximate parameters of an iodine atom are 0-113, 0-151, 0-063, there being three 
other iodine atoms in the cell in the related space group positions. 

The signs for F(h0/) and- F(0k/) were-calculated from the iodine contributions alone, and the Fourier series 
, for electron density projected perpendicular to [010] and [100] evaluated. These contained some spurious 


| 
. 


154 Powell, Huse, and Cooke : 4 


detail but suggested approximate orientations for the rest of the molecules. As would be expected from 
packing considerations and from the optical properties of the crystal, the planes of the aromatic rings appeared 
to be inclined at fairly small angles to (100), and the best view of the structure would be expécted when the 
plane of projection is perpendicular to [100]; but it became clear that the ring systems of a p-iodoaniline and a 
trinitrobenzene molecule were so nearly, but not exactly, superposed in this projection, that a great refinement 
of the parameters by repeated synthesis with revised signs could only be possible by this process for the oxygen 
atoms and two of the nitrogen atoms of the trinitrobenzene molecule. The structure was accordingly developed 
further by three-dimensional Fourier syntheses, since the difficulty of overlapping molecules disappears if the 
electron density at points in the cell is calculated instead of the projected density on one of the planes of the 
structure. For the three-dimensional syntheses over 400 F (hkl) coefficients Were used to sum the series 


OC (hkl) cos 2n(hx/a + ky/b + lz/c) 
the signs of all the F’s being computed from the iodine contributions alone. The relative electron density was 


calculated for all points Qyz and }yz at intervals of #5, se for y and z, to give two sections passing approximately 
through the p-iodoaniline and the trinitrobenzene molecules; these are shown in Figs. 1 and 2. In them, the 


Fic. 1. Fic, 2. 
p-lodoaniline-trinitrobenzene. 


7 A. 
Relative electron density. ae Relative electron density. . {_, 74 


Section (0,y,z) - b=7-39A. Section (4, y,z) b=7-39A. 


-- 


Relative electron density; section Oyz, indicating Relative electron density; section at }4yz, indicati 

approximate position of p-todoaniline molecule. approximate position of s-trinitrobenzene molecule. Both 

Figs. 1 and 2 are based on signs of Fri derived from the 

; iodine contributions only and contain some spurious detail. 
pictures of the molecules are distorted, first because a certain number of the F(hki) coefficients have been intro- 
duced with incorrect signs owing to neglect of the lighter atoms, and secondly because the peaks correspond, 
not to the centres of atoms, but to the centres of sections through the atoms which are at various displacements 
out of the plane. For example the nitro-group indicated by broken lines is a considerable distance from the 
plane of section and therefore does not appear. To supplement the information obtainable from the sections 
the electron density was also computed on lines through +y’z’ with y’ and z’ constant and selected so that the 
lines passed through or near to suspected atomic centres. In this way a complete set of 69 co-ordinates for the 

23 atoms in the symmetric unit (92 atoms in the cell) was gbtained. 

The projections on (010) and (100) were repeated with signs revised by inclusion of the contributions to 
the structure factors of all atoms, and these new projections were used in the final choice of parameters. Since 
reflexions used in these projections extend out to sin 6/A = 0-59, whereas the F(hkl) values in the three-dimen- 
sional work do not reach beyond sin 6/A = 0-34, the revised projections are to this extent more reliable than the 
sections or lines, apart from the improvement brought about by revision of the signs. It may be possible, 
later, to get further refinement of the parameters by extending the range of sin 6/A for F(hkl) with revision of 
all signs for the lighter atoms and allowamtce for the diffraction effects of the iodine. The extremely lengthy 
table of structure factors is not reproduced, but the results of the Fourier analysis are given in Figs. 3—6, of 
which Fig. 5 summarises the results as far as interatomic distances are concerned. 

In general terms, the structure may be said to consist of alternate planar molecules of s-trinitrobenzene and 
 p-iodoaniline arranged in rows with the normals to the planes of the molecules somewhat inclined to the general 
direction of the row. In the structure there are four such rows which run parallel to the a axis of the cell; 
these four rows consist of two pairs; in any pair the molecules of a row are related to the molecules of the other 
row by symmetry centres, and hence are parallel to them, but the molecules in the first pair of rows are not 
parallel to those in the other pair; the plane of a molecule in the second pair is related to that of a molecule 
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a=7-43A. 


Relative electron density; projection on (010). Black circles represent carbon, shaded circles nitrogen, 
open circles oxygen, the cross iodine. 


Fic, 4. 


Relative electron density ; projection perpendicular to [100]. The atoms are represented as in Fig. 3. 


in the first pair by rotation of 180° about the b axis. Viewed along the direction of aoe rows, the two aromatic 
rings are not quite superposed atom for atom (see Fig. 4). 


Estimated atomic positions for one asymmetric unit. 
s-Trinitrobenzene. 


I 0-110 0-153 Cc, 0-498 0-637 0-161 - OQ,’ 0-395 0-366 0-182 
C;, 0-003 0-642 0-162 . G 0-420 0-605 0-112 O, 0-277 0-562 0-015 
Cis 0-090 0-802 0-182 C; 0-439 0-735 0-078 O,’ 0-378 0-817 0-998 
C,; 0-121 0-949 0-153 Cc, 0-535 0-895 0-093 O, 0-778 0-115 0-200 
Cy, 0-065 0-935 0-106 Cc, 0-613 0-927 0-142 N, 0-479 0-507 0-195 
C,, 0-976 0-775 0-087 C, 0-594 0-797 0-176 N, 0-361 0-703 0-028 
Cre 0-946 0-627 0-115 O, 0-548 0-535 0-238 N; 0-709 0-087 0-157 
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Seen along the direction of the b a#is (Fig. 3), the structure shows s-trinitrobenzene and p-iodoaniline 
molecules whose centres lie in alternate planes parallel to (100), cutting the a axis of the cell roughly at the 
origin and half way along the cell; the planes of the molecules themselves are inclined at dbout 30° to this 
face of the unit cell. 

The positions assigned to the atoms are consistent with the following dimensions of the molecules: s-tri- 
nitrobenzene, planar with C-C 1-4, C-N 1-4, N-O 1-2;, O-N-O angle 120°, planar p-iodoaniline with C-C 
1-4, C-N 1-43, C-I 2-1 a. The distances between atoms in different molecules are recorded in Fig. 5. In this 
very complex structure all the co-ordinates are not known with the same accuracy, but since a knowledge of a 


The atomic positions projected on (010) corresponding to Fig.3. The full length of the unit cell along a is shown and 
half the cell alongc. To avoid confusion, all the principal intermolecygar distances are not shown in any one part of the 
| figure. Some of the distances specially referred to in the text are distinguished by broken lines. 


Fic. 6. 


a —— 


p-Todoaniline-s-trinitrobenzene 


Stereoscopic drawing of part of the structure. The observer is looking 
through (100) at the right-hand half of the unit cell, with the positive direction of 
the b-axis pointing downwards. 


few of them fixes the others, unless improbable distortions of the molecules are assumed, it is unlikely that there 
are any large errors. One possibility that it is difficult to eliminate entirely is that there might be slight rotation 
of the nitro-groups about the bond to the benzene ring. It is unlikely on chemical grounds owing to the reson- 
ance with the benzene ring, and in any case it could only be through a small angle, as the Fourier projections 
show. 

The type of binding between the molecules may for convenience be considered under binding in the planes 
of s-trinitrobenzene or p-iodoaniline molecules, and binding between the two sorts of molecule. The s-trinitro- 
benzene molecules are arranged with an approximately hexagonal packing of molecular centres, and have the 
nitro-groups disposed so as to avoid any close approach of atoms in neighbouring molecules; Fig. 5 shows that 
the shortest interatomic distances (between oxygen atoms) are not less than 3-25.a. The smaller p-iodoaniline 
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molecules are also in a rough hexagonal packing and are more loosely packed; no distances within the planes 
of molecules are incompatible with the normal van der Waals separations between unlinked atoms. Between 
the p-iodoaniline and s-trinitrobenzene molecules the atomic separations are many of them equal to or greater 
than 3-5 A., as expected for unlinked atoms, and there is no distance between atoms in neighbouring molecules 
of the order of 1-5 a., as would be required for any covalent bond between the molecules. All structural formulz 
proposed for these compounds which involve such a bond are therefore excluded at once, and there is no need 
to discuss the various earlier proposals in detail. The shortest interatomic distances, which are the ones of 
interest from the chemical viewpoint, prove to be those between the nitrogen atom of the amino-group and its 
oxygen neighbours. Each such nitrogen atom is at 3-1 a. from an oxygen of a nitro-group, 3-2 a. from the 
other oxygen of the same nitro-group, and at 3-3 a. from one of the oxygen atoms in a nitro-group of another 
neighbouring molecule; the last two oxygen atoms are structurally equivalent atoms of different molecules. 
The disposition of these atoms may be seen in Fig. 5. DistanmcesNH .. . O of 2-98, 3-03 a. have beem attri- 
buted to weak hydrogen bond formation in urea crystals (for the stronger bonds in glycine the distances are 
2-76, 2°88 a.) and a similar weak .bond may be assumed here. 

Although the formation of such a bond provides a mechanism for the interaction of the two molecules 
concerned, it does not appear to be an essential feature of intermolecular compound formation; dimethylaniline, 
with no hydrogen atom on its nitrogen, forms molecular compounds, and hydrogen-bond formation by hydro- 
carbons such as hexamethylbenzene seems unlikely. The only other close approach of the two molecules 
arises from the position of one of the nitro-groups. All the carbon-carbon distances are large, 3-5 A. or more, 
and no atom of two of the nitro-groups is near to a carbon atom, but the third nitro-group is pointed in a 
direction which brings it nearer to a part of the carbon ring of the p-iodoaniline. The nitrogen of this group 
is at 3-25 a. from a carbon atom, and one of the oxygens is at 3-35 a. from the next carbon atom in the ring. 
These are not less than the minimum van der Waals distances permissible for the atoms involved, and the 
oxygen—carbon distance is greater than corresponding distances in the structure of picryl iodide (Huse and 
Powell, J., 1940, 1398). Whether this particular approach of the two molecules has any special significance, 


or is merely incidental to the packing of a selected pair of molecules, may be settled by detailed determination 
of similar structures. 


The authors thank the Department of Scientific and Industrial Research for a maintenace grant to one of them (G. H.) 
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for the results. 
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48. Activity Coefficients of Zinc Chloride, Bromide and Iodide from 
Electromotive Forces. 


By (Miss) D. M. Ecan and J. R. PArTINGTON. 
The E.M.F.’s of the double cells 


Zn*|m,’-ZnBr,, Hg,Br,|Hg—Hg|Hg,Br,, M,-ZnBr,|Zn- 

Zn*|m,’-Znl,, M,-Znl,|Zn-, 
were measured at 25° and 35° over a range of molarity 0-5—0-001 for zinc chloride, 0-36—0-001 for zinc bromide, 
and 0-25—0-002 for zinc iodide. The activity coefficients were calculated by using a graphical extrapolation 
method, and also, by correlating E.M.F.’s with the La Mer equation. The results obtained indicate that the 


chloride and bromide behave as typical strong electrolytes in the concentration range studied, but with the 
iodide there is evidence of the formation of complex ions. 


THE activity coefficients of zinc chloride usually quoted are those of Scatchard and Tefft (J. Amer. Chem. Soc., 
1930, 52, 2272) and occasionally those calculated from Horsch’s measurements (ibid., 1919, 41, 1787) by Getman 
(J. Physical Chem., 1931, 35, 2749). In both cases E.M.F.’s were used but the results are not in good agreement, 
as can be seen from Table VII. The only available data for the activity-coefficients of zinc bromide are those 
of Baxter (M.Sc. Thesis, London University, 1939), and for those of zinc iodide Bates’s data (J. Amer. Chem. 
Soc., 1938, 60, 2983). 

Helmholtz (Sitzungsber. Preuss. Akad. Wiss. Berlin, 1882, i, 825; Ostwald’s ‘‘ Klassiker,” No. 124, 37) used 
the cell Zn*|m,-ZnCl,, Hg,Cl,|Hg—Hg|Hg,Cl,, M,-ZnCl,|Zn~ and calculated the work done in transferring an 
amount of water from the dilute to the concentrated solution. The value of the E.M.F. e found by equating 
the osmotic work to the electrical work was in satisfactory agreement with the observed E.M.F. 

The cell Zn~|ZnCl,, AgCl|Ag* is a modification of that used by De la Rue and Miiller (J., 1868, 21, 488; 
Compt. rend., 1868, 67, 794) and was used by several investigators to test the Gibbs-Helmholtz equation. 
Preliminary measurements by Braun (Amn. Physik, 1882, 17, 593) and Czapski (ibid., 1884, 21, 209) showed 
that the cell emits heat. Jahn (ébid., 1886; 28, 21; 1893, 50, 188) used zine chloride solutions between 0-556 


and 2-22 molal and found E.M.F.’s in satisfactory agreement with those calculated from the Gibbs~Helmholtz 
M 


Zn*|m,’-ZnCl,, Hg,Cl,| Hg—Hg|Hg,Cl,, m,-ZnCl,|Zn 
| | 
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equation. These results were confirmed by Lévay (ibid., 1891, 42, 103). The temperature coefficients of the 


cells Zn~|ZnCl,, AgCl|Agt and Hg,Cl,|Hg* were measured by Gockel (ibid., 1890, 
40, 450). Goodwin (Z. physikal. Chem., 1890, 18, 577) measured the E.M.F.’s of the double cells : 


Zn*|m,-ZnCl,, Hg,Cl,|Hg—Hg|Hg,Cl,, m,-ZnCl,|Zn- 
Zn*|m,-ZnCl,, AgCl|Ag—Ag|AgCl, m,-ZnCl,|Zn-, 


and the corresponding cells with zinc bromide, over a concentration range 0-2—0-001 mole/I., and compared 
them with those calculated from the equation e = (3RT /2F) In (x,/k,), where k,, K, are the specific conductivities 
of the solutions. Satisfactory agreement was obtained. Horsch (loc. cit.) used the cell Zn-|ZnCl,, AgCl|Ag* 
over a range of molality 0-0003—0-0lm, the electrodes being finely divided metal. The conductivity ratio 
was again used, and the standard potential of Zn|Zn** was calculated as 0-7582 + 0-002 volt. The use of 
the conductivity ratio cannot be considered as satisfactory in the light of modern theory. Foxton and Shutt 
(Trans. Faraday Soc., 1927, 23, 480) measured the activity coefficients of zinc chloride in concentrated solutions 
(0-074—25m) by using the cells Zn~|ZnCl,|Cl,|Pt* and Zn*|m,-ZnCl,|m,-ZnCl,|Zn-. They assumed that the 
activity coefficient of 1-Om-zinc chloride is equal to that of 1-0m-barium chloride, and thence found that the 
activity coefficients of zinc chloride were considerably greater than those of barium chloride in concentrated 
solutions. Abnormal transport numbers were found with the cell with transport, and there is evidence for the 
presence of complex ions in concentrated solutions. Labendzinski (Z. Electrochem., 1904, 10, 77) used the cell 
Zn-—Hg|0-5N-ZnCl,, 1-0N-KCl, Hg,Cl,|Hg* and found little evidence of complex ions at this concentration. 
Scatchard and Tefft (/oc. cit.) measured the E.M-F. of the cell Hg~-Zn|ZnCl,, AgCl|Ag* at 25° with solutions 
1-48—0-003m. The zinc amalgam was prepared by electrolysis of zinc chloride solution with a zinc anode and 
mercury cathode. The zinc chloride solution was saturated with zinc oxide (to prevent hydrolysis) and a 
correction (less than 0-1 mv.) applied. (This addition of zinc oxide was mentioned by Helmholtz.) The 
E.M.F. is given by . 


where y is the activity coefficient on the molal scale (moles per kg. of solvent); 2-303 x 3RT/2F = 0-088725 
and m,, the mean molality (defined as [(v, m)”+(v_m)”-]"” where v,, v_ are the number of ions produced from 


one mole), is used instead of the molality m (in this case mM, = 4/4m). Since the E.M.F. is used with an extended 


form of the Debye—Hiickel equation, the concentrations must be on the molar scale (mM, moles/l. of solution) 
and the equation log y = log f — log (1 + 0-054m) gives f, the activity-coefficient on the molar scale (Scatchard, 
J. Amer. Chem. Soc., 1925, 47, 2098). Hence the following equation was obtained : 


€y — 0-088725 log f, = e + 0-088725 [log m — log (1 + 0-054m)] + 0-0178L =e”. . ~~ (2) 


Hitchcock (ibid., 1928, 50, 2076) found that an extended Debye—Hiickel equation, —log f = 0-5°\/J — BI, 
where I = }(2qz,*) is the ionic strength, c, = concentration, and z, the valency of an ion, accounted for the 
behaviour of hydrochloric acid in solutions up to 0-02m. Scatchard and Tefft used the corresponding equation 
for zinc chloride, —log f = 2 x 0-5+/3+/c — 3cB, and correlated it with (2), obtaining the equation 
ey + 0-266175Bc = e,” — 0-155+/c = ep, and ey was plotted against ~/c. If the Debye—Hiickel equation 
holds at small concentrations the plot should approach a straight line asymptotically at zero concentration. 
Scatchard and Tefft found evidence of an inflexion at high dilutions, which they attributed to incomplete 
dissociation, and they showed that inflexion is more pronounced the smaller the ionisation constant. The 
value of ep obtained by graphical extrapolation to infinite dilution gave ¢, = 0-9834 v. Cohen (Z. physikal. 
Chem., 1900, 34, 612) found that the difference in standard potential between zinc and the two-phase zinc 
amalgam was 0-0006 v., and by taking this into account the standard potential Zn|Zn**+ was found to be 
0-7616 v. When e, was known y could be calculated from equation (1) for each value of e. La Mer, Gronwall, 
and Greiff (J. Physical Chem., 1931, 35, 2245, 3103, 3692; cf. Partington and Stonehill, Phil. Mag., 1936, 22, 
857) calculated “‘ a,’’ the mean ionic diameter of zinc chloride, fron® Scatchard and Tefft’s measurements as 
3-8 A. They obtained an equation containing the activity coefficient f and ‘‘ a’’ by a method described below, 
and by substituting various values of “a ’’ the corresponding values of f were found. The equation for the 
E.M.F. of the cell Zn-|m,-ZnCl,, AgCl|Ag* is e = e¢, — (3R7T/2F) Inm,f,, and the value “a” = 3-8 ., which 
gave the most constant value of e), was taken as correct. Getman (loc. cit.) used both a single zinc crystal 
and polycrystalline 99-999% pure zinc electrodes in the cell Zn-|ZnCl,, Hg,Cl,|Hg*. No mention is made of 
the electrodes having been annealed. He found that the difference between the E.M.F.’s with the two types of 
electrodes was of the order of the experimental error. The E.M.F. is e = ¢, — 0-08873 log (1-588 my). 9 and 
the standard potential Zn|Zn*++ were found by three methods : (1) The values of -y were determined from Horsch’s 
measurements by the method of Randall (Trans. Faraday Soc., 1927, 23, 505), and substituted in the equation 
for the E.M.F. The mean value of ¢, was 1-0278 v., and if the standard potential of the mercury—mercurous 
chloride electrode, Hg|Hg,Cl,, Cl-, is 0-2676 v., the standard potential Zn|Zn*+ is 0-760 v. (2) The activity 
coefficients found by Scatchard and Tefft, used similarly, gave the standard potential Zn|Zn**+ = 0-762 v. 
(3) In a method similar to Hitchcock’s, e, — 0-155 +c was plotted-against ~/c. The graph was a straight line 
in the region of low concentration and by linear extrapolation to infinite dilution e, was found to be 1-0300 v. 
and the standard potential Zn|Zn**+ = 0-7624 v. No indication was found of an inflexion in the region of high 
dilution such as was reported by Scatchard and Tefft. 
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Jahn, Horsch, and Scatchard and Tefft all used the cell Zn~|ZnCl,, AgCl|Agt. The E.M.F.’s found by Jahn 

are higher than those of Scatchard and Tefft. Horsch made measurements from 0-0003 to 0-01m, and between 

0-002 and 0-01m the results agree with those of Scatchard and Tefft; but in very dilute solutions they are less 
accurate, and it was in this region that Getman carried out the extrapolation of Hoérsch’s measurements. 

Bates (loc. cit.) measured the E.M.F. of the cell Zn~—Hg|Znl,, Agl|Ag*, over a range 0-8—0-002m at intervals 
of 5° between 5° and 40°. - Air was carefully excluded by keeping the solutions under hydrogen. Iodide was 
determined: by Volhard’s method, but no mention is made of the determination of the zinc content. The 
zinc electrodes were 5% amalgam, which according to Clayton and Vosburgh (J. Amer. Chem. Soc., 1936, 58, 
2093; cf. Cohen, Joc. cit.) has the same potential as pure zinc. Bates found the standard potential by the 
Hitchcock extrapolation, using the same method as Scatchard and Tefft for zinc chloride, and from the results 
he concluded that zinc iodide is practically completely ionised. He then applied a Hiickel equation 
—log y = uV/Id/(1 + AV/Id) + Bld, where d is the density of the solution, and u, A, and B are constants, to 
the equation for the E.M.F.e = e, — k log 4m*y, and obtained the equatione,’ = e, + 3kBId = e + k log 4 + 
3k log m — 3kx/1d/(1 + AVV/Id). The Hitchcock extrapolation was carried out and the standard potential 
Zn|Zn** found to be 0-7627 at 25°. When é, is known, y is given by the equation e = e, — k log 4m*y* and 
the activity coefficients below 0-2m were found to be those of a typical strong electrolyte, though in higher 
concentrations y increased slightly with concentration. 

We have determined the activity coefficients of zinc chloride, bromide, and iodide by a slightly different 
method, and the results found for the chloride and bromide are in satisfactory agreement with those of Scatchard 
and Tefft and of Baxter (op. cit.), respectively. The results of Baxter, Bates, and the authors for zinc’iodide 
are in fair agreement below 0-045m. In more concentrated solutions Bates’s results are typical of a normal 
bi-univalent type electrolyte, whereas ours and those of Baxter give abnormally high activity coefficients. 
This points to complex-ion formation in the more concentrated solutions, which is also indicated by measure- 
ments of transport numbers (Hittorf, Ann. Physik, 1859, 106, 543; Kummel, ibid., 1898, 64, 665) and 
conductivity (Jager, Monatsh., 1887, 8, 772). 

In this research the concentrations of the solutions are all expressed on the molar scale (mM), since this has a 
theoretical significance with reference to the Debye—Hiickel theory (cf. Kingerley and La Mer, J. Amer. Chem. 
Soc., 1941, 62, 3260). Molarities may be converted into molalities (m) by the formula m = 1000m/(1000d —wm), 
where d is the density of a solution of molarity M, and w is the molecular weight of the solute. The difference 
between the two scales is negligible below 0-1 for zinc chloride, 0-08m for the bromide, and 0-048m for the iodide. 
All solutions were made up and standardised at 25°. 

The Helmholtz double cell, 


Zn*|m,’-ZnCl,, Hg,Cl,|Hg—Hg|Hg,Cl,, m,-ZnCl,|Zn- 
Zn*|m,’-ZnBr,, Hg,Br,|Hg—Hg|Hg,Br,, M,-ZnBr,|Zn- 
Zn* My ’-Znl,, m,-ZnI,|Zn- 
was used, the E.M.F. of which is given by e = (3RT/2F)In(a,),'/(a,). where a,, the mean ion activity is equal 


to [(a, "\(a_ iB, a, and a_ are the ion activities, v,, v_ the number of ions produced from one mole, and 
v=v,+v.. The factor 3RT x 2-303/2F is 0-0887 at 25° and 0-0917 at 35°. At 25°, 


e = 0-0887 log (a,),’ — 0-0887log(a,)) . . . . . . . (3) 


In measurements, one molarity M,’ is kept constant and the other m, is varied; M,’ is greater than Mg, And the 
zinc electrode in contact with the solution M,’ is positive. The cell reactions are, e.g., Zn + Hg,Cl, = ZnCl, + 
2Hg in the dilute solution m,, and ZnCl, + 2Hg = Hg,Cl, + Zn in the concentrated solution m,’. The net 
effect is the transfer of 1 mole of zinc halide, or 3 moles of ions, from the concentrated to the dilute solution, for 
every 2F passing through the cell. Addition of 0-0887 log (M,),, where M, is the mean molarity, to each side 


of equation (3) and rearrangement gives e + 0-0887 log (M,), — 0-0887 log (a,),’ = — 0-0887 log (a,), + 
0-0887 log (M..). = — 0-0887 log f,, since f = a,/M,. For a-uni-bivalent salt such as zinc chloride, M, = 
— u¥/4, hence 
e + 0-0887 log M, + 0-01780 — 0-0887 log (a,)’, = — 0-0887logf,. . . .°. (4) 
When m, = 0, then f/f, = 1 and , 
e + 0-0887 log M, = 0-0887-4og — 0-01780 


To find (a,),’ we measured the E.M.F.’s of a series of double cells in which m’, was kept constant and m, varied, 
and e’ = e + 0-0887 log M, was plotted as ordinate against ~/m,. The curve was extrapolated to M, = 0, 
and the limiting extrapolated value from equation (5) is then 0-0887 log (a,),’ — 0-01780 = e’,,. From this 
the —s coefficients of various molarities were calculated from equation (4) which may be written as e’ — 
ees, = — 0-0887 log f,. A similar procedure was adopted at 35°. 


EXPERIMENTAL. 
. Zinc chloride. Pure hydrochloric acid was prepared by absorbing the gas in conductivity water, A.R. zinc oxide was 
added until no more dissolved and the acid reaction to litmus was ht. The formation of basic salts was avoided 


adding the zinc oxide slowly and keeping the solution cool towards end. The solution was filtered from the slight 
excess of zinc oxide and diluted with conductivity water. 


‘ 
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Zinc bromide. Pure hydrobromic acid was prepared from purified bromine by Scott’s method (J., 1900, 77, 648), 
and the constant-boiling solution treated as above. . 

Zinc iodide. To a constant-boiling solution of hydriodic acid prepared according to Mellor (‘‘ Treatise,” etc., Vol. 2, 
p. 170) and distilled, zinc oxide was added to saturation, excess being filtered off on a sintered-glass crucible; the resulting 
solution was stored in a bottle kept full of liquid. 

The chloride, bromide and iodide concentrations were determined gravimetrically as silver halide, and the zinc 
gravimetrically as zinc oxide and zinc ammonium phosphate. 

Mercurous chloride and bromide. ‘These were prepared electrolytically from pure mercury as the anode in pure 
n-hydrochloric or hydrobromic acid. The mixture of finely divided mercury and mercurous halide obtained was washed 
with water, dried at 80°, and stored in a vacuum desiccator. 

Mercurous iodide. This was prepared by slowly adding a solution of potassium iodide to a mechanically stirred 
solution of mercurous nitrate. The precipitate was filtered off, washed with water, and dri¢d at 80°. The mercury was 
determined gravimetrically as metal, and the iodide by fusion with sodium carbonate and subsequent gravimetric 
determination as silver iodide. 

Mercury. Redistilled mercury was passed several times through a solution of mercurous nitrate and 5% nitric acid, 
filtered through a capillary tube, washed with water, and dried. 

Conductivity water was used for all the stock solutions and for the analysis. 

Electrodes. In the earlier part of the work (Baxter, op. cit.) rods of pure electrolyte zinc were used. In our experi- 
ments 99-99% zinc purified by distillation was used, and we are greatly indebted to Dr. W. H. Vernon of the Chemical 
Research Laboratory, Teddington, for a supply of this metal, made by the National Smelting Company, Avonmouth. 
The sheet metal was used in strips and also cast into rods in charcoal moulds. The strip electrodes gave the. more 
constant E.M.F.’s. The literature on the allotropy of zinc is still conflicting, but very pure zinc occursi n one form 
only (Mellor, op. cit., Vol. 4, p. 430; Gmelin, ‘‘ Handbuch,’’ 1924,10, 13). In order to eliminate surface strains, the metal 
was annealed at 300° (in the region of a supposed 8B —-> y transformation) for several hours, and cooled slowly (12 hrs.) 
to room temperature. Several types of zinc electrodes were prepared and tested by Baxter (op. cit.), and of these we 
have used amalgamated zinc electrodes. Zinc strips were mechanically cleaned with powdered ignited alumina, washed, 
and immersed in dilute mercurous nitrate solution containing a little nitric acid. After 4 hr. they had become well 

amalgamated. Pairs of electrodes were short-circuited in dilute zinc chloride solution for 
Fic. 1. 24 hrs. With electrodes in a cell containing zinc chloride solutions of the same con- 
The Cells centration on each side, all types except. the amalgamated electrodes gave unsatisfactory 
‘ results, the E.M.F. with these being less than 0-00001 v. A cell set up with one amalgam- 
ated and one unamalgamated electrode showed an E.M.F. of less than 0-00001 v., hence 
the amalgamated strip had the same potential as pure zinc. Cohen (loc. cit.) found a 
difference of 0-0006 v. 
Cells. Two types of cell were used (see Fig. 1). The bent narrow-bore tubing formed 
a mercury contact with a sealed-in platinum wire. Two of these cells were connected 
by an amalgamated copper wire dipping in the mercury contact tubes. In B the shorter 
' limb carried the zinc electrode and this cell was used for the more concentrated solutions. 
Two methods were used in filling the cells. In the first, mercury was put in and 
mercurous halide which had been washed six times with cell solution was added as a 
suspension in the cell solution. The cells were corked and sealed with collodion. After 
the suspension had settled, the electrodes were fitted and the cells sealed as before. In 
the second method mercurous halide was added to the mercury, and the cell solution run 
in. The electrodes were fitted, and the cells sealed. Both methods gave the same 
E.M.F., but cells filled by the second method reached equilibrium in an hour, whereas 
those filled by the first method required 2—3 hrs. 
The cells were in thermostats at 25° and 35°, the control being to +0-02°. The 
temperature was measured by a standardised mercury thermometer immersed in a vessel 
A B of similar shape to the cell, but containing water. E.M.F.’s were measured by a three- 
range Tinsley Ionisation Potentiometer, a moving-coil galvanometer, and a standard 
Weston cell, readings being made to 0-01 mv. The cells, potentiometer, and accessories stood on an equipotential 
surface of tin-foil (White, J. Amer. Chem. Soc., 1914, 36, 2011). At 35° more time was required to reach equilibrium. 
The best procedure was to take a reading at 25°, place the cell in a thermostat at 35°, and leave it for 3 hrs. before taking a 
reading. 

Results. —Baxter’s (op. cit.) results are shown in Tables I, II (marked *), III and IV, and graphically in Figs. 2, 3,.and 

4. In the case of zinc chloride at 25° (m,’ = 0-4984) calculations were made from the activity coefficients found by 


TABLE ‘I. 
Zinc Chloride. 


Mg. 
M,’ = 0-4984 (Baxter). 
0 0-383 0-0182 
0-0064 0-0138 
0-0272 0-0081 
0°0517 
0-0735 


0 —0-05151 
0-01734 —0-05270 
0-02865 2 —0-05345 
0-04665 -484 —0-05420 
0-05852 —0-05425 
0-07357 4 4 —0-05530 
0-10375 —0-05690 
0-12125 —0-05898 


B 
Mg. Cases Sese- 
“a 0-4984 0-1081 —0-0463 0-635 
0-4153 0-1169 —0-0481 0-665 
me 0-2988 0-1203 —0-0495 0-690 
0-2124 0-1346 —0-0510 0-717 
0-1003 0-1516 —0-0550 0-796 
0-0529 
M,’ = 90-4942 (Authors): é’ex, = —0-0642, 
0-4942 0-719 
0-4317 0-728 
0-2886 0-742 
0-1992 
0-1162 0-771 
0-0800 0-773 
0-0500 0-794 
0-0116 0-873 
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Baxter, and the results are represented on the 25° graph (m,’ = 0-4942). Where the values of e’ did not lie exactly on the 
e'-VM curve, Baxter took the values of e’ indicated by the curve. 


TaBLe II. 
s Zinc chloride. M,’ = 0-3606: e’ex, = —0-07445 at 25°, —0-07991 at 35°. 

0-3606 0 —0-03929 0-401 0 —0-04062 0-373 
0-3014 * 0-00580 —0-04196 0-386 
0-2886 0-00710 —0-04077 0-417 0-00699 —0-04251 0-391 
0-2048 * a — — 0-01830 —0-04486 0-415 
0-1992 0-01868 —0-04347 0-447 0-01885 —0:-04540 0-421 
0-1524 * —, 0-02810 —0-04684 0-436 

0-1162 0-03637 —0-04651 0-484 0-03674 —0-04896 0-460 
0-1020 * — _— — 0-04140 —0-04960 0-467 
0-0800 0-04841 —0-04890 0-515 0-04937 —0-05133 0-488 
0-0757 * — 0-05140 —0-05150 0-490 
0-0500 0-06326 —0-05204 0-559 0-06511 —0-05419 0-524 
0-0488"* — 0-06540 —0-05470 0-531 
0-0254 * — — — 0-08650 —0-05980 0-604 
0-0200 0-09335 —0-05745 0-643 0-09471 —0-06119 0-625 
0-:0183 _— 0-09770 —0-06170 0-633 
0-0116 0-11098 —0-06072 0-700 0-11286 —0-06464 0-682 
0-0106 * — — — 0-11610 —0-06520 0-691 
0-0083 0-12236 —0-06224 0-728 0-12382 —0-06698 0-723 
0-0081 — — — 0-12500 —0-06710 0-725 
0-0070 0-12821 —0-06289 0-741 0-12995 —0-06765 0-735 
0-0058 0-13478 —0-06362 0-755 0°13656 —0-06854 0-752 
0-0052 0-14060 —0-06920 0-7 
0-0050 0-13962 —0-06448 0-772 0-14159 —0-06941 0-768 
0-0038 * 0-15150 —0-07050 0-790 
0-0035 0-15222 —0-06568 0-796 0-15461 —0-07069 0-793 
0-0023 0-16683 —0-06717 0-828 0-16969 —0-07221 0-824 
0-0012 0-18972 —0-06928 0-874 -. 019347 . —0-07443 0-872 

* Indicates measurements made by Baxter. 
TABLE III. 
Zinc bromide. 
M,’ = 0-3782 (Baxter). 
0-3787 0 —0-0375 0-505 0 —0-0387 0-498 
0-3118 |. 0-0072 —0-0377 0-508 0-0076 —0-0388 0-499 
0-1999 0-0238 —0-0382 0-515 0-0242 —0-0399 0-515 
0-1388 0-0364 -—0-0397 0-535 0:-0377 —0-0410 0-527 
0-0959 00487 —0-0416 0-562 0-0502 —0-0431 0-556 
0-0804 0-0549 —0-0422 0-571 0-0563 —0-0441 0-570 
0-0474 0-0724 —0-0450 0-614 0-0743 —0-0471 0-614 
0-0224 0-0984 —0-0479 0-662 0-1013 —0-0500 0-661 
0-0125 0-1182 —0-0507 0-712 0-1217 —0-0529 0-711 
0-0090 0-1292 —0-0522 0-740 0-1327 —0-0549 0-747 
0-0071 * 0-1375 —0-0530 0-756 0-1419 —0-0552 0-753 
0-0050 * 0-1496 ~- —0°0545 0-786 0-1543 —0-0567 0-782 
0-0031 0-1660 —0-0565 0-827 0-1711 —0-0589 0-826 
0-0017 0-1880 —0-0577 0-854 ~ 0-1941 —0-0599 0-847 
0-0010 * 0-2069 -—0-0592 0-887 0-2134 —0-0617 0-886 
* Readings taken in present research to verify extrapolation. 
M,’ = 0-3819 (Authors). ea, = —0-06345 at 25°, —0-06645 at 35°. 
0-3819 0 —0-03709 0-504 0 —0-03834 0-494 
0-3112 0-00764 —0-03732 0-508 0-00803 —0-03846 0-495 
0-2086 0-02275 —0-03762 - 0-511 0-02315 —0-03926 0-505 
0-1401 0-03666 —0-03904 0-531 0-03796 —0-04031 0-519 
0-1000 0-04782 —0-04088 0-557 0-04934 —0-04236 0-546 
0-0788 0-05562 —0-04226 0-577 0-05712 —0-04408 0-570 
0-0626 0-063389 —0-04341 0-594 0-06510 —0-04530 0-588 
0-0500 007101  —0-04429 0-608 0-07292 —0-04638 0-604 
0-0325 0-08568 0-04632 0-641 0-08820 —0-04830 0-634 
0-0209 0-10102 —0-04798 0-669 0-10399 —0-05000 0-662 
0-0187 0-10461 —0-04859 0-680 0-10779 —0-05070 0-673 
0-0098 0-12698 —0-05112 0-726 0-13070 —0-05350 0-722 
0-0088 0-13075 —0-05165 0-736 0-13462 —0-05398 0-731 
0-0078 0-13474 —0-05216 0-746 0-13878 —0-05452 0-741 
0-0071 0-13787 —0-05263 0°755 0-14207 —0-05503 0-751 
08-0063 0-14202 —0-05818 0-766 0-14621 —0°05559 0-761 
8-0050 0-15010 —0-05400 0-783 0-15453 —0-05647 0-778 
0-0041 0-15682 —0-05488 0-801 0-16160 —0-05740 0-797 
0-0031 - 0-16665 —0-05585 0-821 @ 0-17158 —0-05842 0-818 
0-0019 0-18408 —0-05732 0-853 0-18962 —0-05998 0-850 
0-0010 0-20730 —0-05800 0-886 0-21356 —0-06154 0-884 


‘ 
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TABLE IV. 
Zinc iodide. 
M,’ = 0-2499 (Baxter). 

Mp. Sase- Mg. Case. age. fase- 
0-2499 0 —0-0534 1-995 0-0470 0-1095 —0-0082 0-618 
0-1938 0-0222 —0-0410 1-446 0-0249 0-1307 —0-0109 - 0-674 
0-1318 0-0462 —0-0319 1-142 0-0166 0-1448 —0-0130 0-700 
0-1210 0-0508 —0-0306 1-104 0-0114 0-1570 —0-0154 0-743 
0-0986 0-0634 —0-0258 0-973 0-0081 0-1680 —0-0135 0-783 


0-0765 0-0798 —0-0198 0-817 0-0051 0-1848 —0-0190 0-808 


My’ = 0-02631 (Authors) : e’ex, = —0-02320 at 25°, —0-0243 at 35°. 

0-2631 0 —0-05144 2-082 0 —0-05319 2-067 
0-2216 — 0-01270 —0-04535 1-777 0-01311 —0-04691 1-764 
0-1943 0-02246 —0-04067 1-573 0-02322 —0-04205 ._ 1-562 
0-1678 0-03198 —0-03678 1-422 0-03308 —0-03801 1-411 
0-1339 0-04718 —0-03027 1-201 0-04881 —0-03126 1-191 
0-1220 0-05296 —0-02808 1-135 0-05476 —0-02903 1-127 
0-1002 0-06544 —0-02319 1-002 1-06770 —0-02394 0-9910 
0-0822 0-07839 —0-01786 0-871. 0-08124 —0-01827 0-859 
0-0687 0-08966 —0-01344 0-776 0-09296 —0-01374 0-767 
0-0484 0-11092 —0-00578 0-636 0-11489 - —0-00571 0-627 
0-0265 0-13131 —0-00849 0-683 0-13593 —0-00867 0-675 
0-0169 0-14652 —0-01058 0-721 0-15158 —0-01092 0-716 
0-0123 0-15761 —0-01169 0-742 0-16225 —0-01235 0-741 

=.2-0100 0-16480 —0-01260 0-760 0-17016 —0-01324 0-758 
0-0082 0-17164 —0-01336 0-775 0-17738 —0-01402 0-773 
0-0075 0-17475 —0-01375 0-783 .0-18036 —0-01444 0-781 
0-0068 0-17818 —0-01412 0-790 0-18398 —0-01482 0-788 
0-0059 0-18301 —0-01469 0-802 0-18898 —0-01542 0-800 
0-0050 0-18881 —0-01529 0-814 0-19497 —0-01603 0-813 
0-0042 0-19493 —0-01587 0-827 0-20002 —0-01662 0-825 
0-0034 0-20243 —0-01657 0-842 0-20718 —0-01736 0-840 
0-0022 0-21788 —0-01782 0-870 0-22290 —0-01867 0-868 


Fic. 2. 
Zinc Choride. 
0-7 02 93 0-4 Os 0-6 


Authors’ measurements. 
Baxter's ” ” 


In the extrapolation method described above, measurements in very dilute solutions, where the experimental accuracy 
is least, have most weight, and to obtain accurate extrapolation we made a large number of readings between 0-001 and 
0-Olm. Consistent results could not be obtained with more dilute solutions, the E.M.F. falling off rapidly with 
time. The results are given in the tables and Figs. 2, 3.and 4. The extrapolation was carried out on a so 
graph. The activity coefficients below 0-001m were calculated from the simple Debye—Hiickel equation: log f = 
0-502,2_V1; where z,, z_ are the valencies of the ions with correct sign, and J is the ionic strength. From the extra- 
polated value of e’ the value of e’ for each concegtration was calculated and the points were found to lie increasingly 


well on the extrapolated curve as infinite dilution was approached. The activity coefficients are given correct to three 
decimal places. 
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Fic. 3. 
Zine Bromide. 
mM”. 
25° Mz =0:3879 ' 


35° Mz =0-38/9 ~ 


Discussion. 
The simple Debye—Hiickel equation 


log f = Az,z_V1 . ‘ (6) 


where A is a constant depending on the solvent and temperature, does not give satisfactory results at concen- 
trations greater than 0-001m. A more accurate equation includes a parameter ‘‘a,”’ the distance of closest 
approach of the ions : 


A and B being constants for a given solvent and temperature. At 25° in water : * 
log f = 2,2.V/7/(1 + 0-328 108a/7T) . (8) 


From the activity coefficients found by the extrapolation method values of ‘“‘ a’’ can be calculated from (8), 
and these should be reasonable (about 10° cm.) and remain constant over a fair concentration range. The 
following values of “ a ’’ were found : 


0-0138 0-0123 0-0116 0-0081 0-0070 0-0058 0. 0-0047 0-0035 0-0012 
2-13 3-04 2-28 1-54 2-38 225 2 5-22 0-81 0-86. 


0-0098 0-0090 0-0078 0-0063 0-0041 0-0031 0-0010 
4-14 4-60 4-02 5-52 4:13 3-56 2-31. 


®. 
Fic. 4. 
Mz. 
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Zinc iodide, 
0-0123 0-0100 0-0082 0-0075 0-0068 0-0059 0:0050 0-0042 0-0034 0-0022 
8-76 8-22 7-60 7-49 7-26 7-12 6-87 6-61 6-49 5:71 
These vary rapidly with concentration even in dilute solutions, and it is known that the activity coefficients 
of some bi-univalent type electrolytes may give negative values of “a” in dilute solutions (Partington and 
Stonehill, Joc. cit.). Several attempts have been made to improve the agreement between the Debye—Hiickel 
theory and the experimental results. Hiickel introduced a semi-empirical constant C to take into account the 
supposed variation in dielectric constant of the solution with concentration : 


log f = 2,2_AVI/(1 + aBvV/I) — 
This equation has been successfully used with alkali chlorides and aaa chloride neaieun and Brown, 
J. Amer. Chem. Soc., 1935, 57, 1856; Harned and Ehlers, ibid., 1933, 35, 2149), but we find that it does not hold 
for zinc chloride. The equation was tested by plotting 8 = log f (obs.) —log f [calc. from (8)] against J with 
values of “a” from 0 to 5 a. If (9) is correct, the plot for some value of ‘‘a”’ should be a straight line of 
slope C passing through the origin. The curves obtained were not linear for any positive value of “a.” A 
correction term C+/J was also found by Baxter to give unsatisfactory results. La Mer, Gronwall, and Sandved 
(Physikal. Z., 1928, 29, 358; cf. Nature, 1931, 128, 499) attributed the disagreement between experiment and 
the simple Debye—Hiickel theory to the use of a linear extrapolation to an exponential function in the determin- 
ation of (7). A more complete solution of the Poisson—Boltzman equation for the case of symmetrical electrolytes 
gave an equation which agrees very well with the experimental results. La Mer, Gronwall, and Greiff (/oc. 


cit.) extended the theory to unsymmetrical electrolytes, i.e., electrolytes having ions of different valencies, 
and obtained the equation : 


(2,2 + + + — 10%(2,2 + 2,2. + 2.2). B,(*) | 


x =x ‘‘a” where 1/« is the “ radius of the ion atmosphere,” as in the Debye—Hiickel iniee. With the 
values of the constants N = 6-061 x 1023, k = 1-372 x 101%, e = 4-774 x 10-19, and Wyman’s (Physical 
Rev., 1930, 35, 623) value of D,’the dielectric constant of water: Dy = 78-54 [1—0-00460 (¢ — 25) + 0-0000088 
(¢ — 25)*], — is after conversion into common logarithms reduces to 


1-10? 
on ; 
3: cg 
3 - 103 
The values of the constants are (Baxter, Joc. cit.) : 
Temp. A. B. on x X 108. 
25° 1-5407 0-21862 0-15511 0-3287 
35 1-5621 0-22470 0-16162 0-33097 


The values of the functions 10*(4X,(¥) — Y,(¥)] and 10°[$X,(*) — 2Y,(*)] are tabulated for various values 
of x by La Mer, Gronwall, and Sandved (Joc. cit.), and those of 10°[4X,*(%) — 2Y,*(*)] by La Mer, Gronwall, and 
Greiff (Joc. cit.). This equation was applied to the E.M.F. measurements as follows, the method being similar 
to that used by La Mer, Gronwall, and Greiff, La Mer and Cowperthwaite (J. Amer. Chem. Soc., 1931, 53, 
4333), and La Mer and Parks (ibid., p. 2040). 

The E.M.F. is given by e = C’ (log m,’f,’ — log M,f,) where C’ = 2-303 x 3RT/2F and hence 

e/C’ + log mM, + log f, = logm,’f,’. . 

A likely value of “‘ a’ was assumed, and log f, calculated from — for yore icine within the range of 
validity of the equation (up to ~/7 = 0-1). The values of f, for “‘a’’ = 3-7a. are given in Table VI, col. 4. 
The values of f, and e for each molarity were substituted in pre lk (12) and a series of values of m,’f,’ were 
found. In the case of zinc chloride the process was repeated with “‘ a.”’ equal to 3-5, 3-6, 3-7, 3-8 and 3-9 A., 
and the value of “a” which gave the most constant value of M,’f,’ was taken as correct. A graphical method 
was used to find this constant value of m,’f,’. The mean value of m,’f,’ was found for each value of “‘ a,” and 
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the total deviation, irrespective of sign, was plotted against the corresponding ‘‘a”’ value. The graph consisted 
' of two intersecting straight lines, and the abscissa of the point of intersection gave 3-7 a. as the most probable 
value of ‘‘ a.” The values of f, and m,’f,’ for various values of ‘‘ a’ are in Table V. 


TABLE V. 
Zinc chloride: E.M.F.’s from Table I and various values of ‘‘a’’ being used. 


M. Sa» calc. 
0-0083 0-7201. 
0-0070 0-7369 
0-0058 0-7551 
0-0050 0-7691 
0-0047 0:7731 
0-0035 0-7982 
0-0023 0-8305 
0-0012 0-8724 

Average M,’f,’ = 0-1890. Total § = 0-0043. 
a= 38a. a= 
M,’f,’. xX 10% Se» calc. M,’f,’. x 104. fe, calc. M,’f,’. x 104. 
0-1884 8 0-7265 0-1890 0-7285 0-1894 
0-1887 5 0°7425 0-1895 0-7442 0-1895 
0-1892 0 0-7597 0-1897 0-7612 0-1896 
0-1892 0. 0-7725 0-1892 0-7739 0-1895 
1 
2 
5 
2 


0-1893 0-7778 0-1890 0-7791 0-1904 
0-1904 * 1 0°8204 0-1912 0-8032 0-1915 
0-1897 0-8332 0-1899 0°8341 0-1901 
0-1890 0-8740 0-1891 0-8746 0-1892 


Average M,’f,’ = 0-1892. Average M,’f,’ = 0-1895. “—. Myf,’ = 0-18 
Total § = 0-0033. Total 8 = 0-0040. al § = 0-0044. 


* If this value is omitted the average becomes 0-1891. 


The mean value of m,’f,’ for ‘‘ a” = 3-74. was used in equation (12) to calculate the activity coefficients 
over the whole concentration range, and the results are given in Table VII, col. 5. 

The results for zinc bromide and iodide were treated in the same way. The La Mer equation was also 
applied to the measurements at 35°. The following values of ‘‘ a” were found: zinc chloride 3-7 a., zinc bromide 
4-8 a., zinc iodide 6-1 a. 

This method is considerably more accurate than the graphical extrapolation method (see p. 162) since 
it uses results over a greater concentration range. As we had paid much attention to solutions between 0-01 
and 0-001 M, a large number of measurements were available. For purpose of comparison with previous work, - 
the activity coefficients of zinc chloride at 25° were expressed on the molal scale, and the values at round 
molalities are given in Table VII together with those lew Scatchard and Tefft and those calculated by Getman 
from Horsch’s measurements. 


ww 

Ow 


Taste VI. 
Activity coefficients of zinc chloride at 25°. 
fos from extrapolation Say calc. from . from extrapolation 25° calc, from 
method La Mer’s 
and Calc. uation and 
M,’ = 0-4942. m,’ = 0-3606. E.M.F.’s. M,’ = 0-4942. = 0-3606. from (12). M.F.’s, 
0-382 0-383 0-728 0-728 0-724 0-727 
0-387 0-388 0-742 0-741 0-751 0-742 
0-417 0-417 0-418 0-756 0-757 0-758 0°757 
0-451 0-447 0-451 0-771 0-772 0-772 0-772 
0-484 0-484 0-485 0-775 0-774 
0-517 0-515 0-517 0-794 0-800 0-794 
0-558 0-559 0-560 . . 0-827 0-830 0-830 
0-639 0-641 0-872 0-874 0-874 
0-701 


, calc. 
om La 
7, * Mer’s equa- f, Mer’s equa- 

extrapn. f,calc. tion and extrapn. f,calc. tion and 

method. E.M.F.’s. m. method. from (11). E.M.F.’s. " method. from (11). E.M.F.’s. 
0-373 0:0757 * 0-490 0-725 0-722 0-721 
0-386 0-0500 0-524 0-735 0-736 0-737 
0-381 0-0488* 0-531 0-752 0-753 0-754 
0-415 0-0254* 0-604 0-764 0-764 0-760 
0-421 0-0200 0-625 0-768 0-767 0-770 
0-436 0-0183 * 0-633 0-790 0-790 0-791 
0-460 ° 0-0116 0-682 0-793 0-797 0-794 
0-467 0-0106* 0-691 0-824 0-829 0-828 
. 0-488 D 0-0083 0-723 0-873 0-871 0-872 


i=) 


a= 3-54. a = 3-6 A. 

M. 
0-4942 
0°4317 
0-2886 
0-1992 
0-1162 
0-0800 
0-0500 
0-0200 
0-0116 
At 35°. 
/ 
/ 

0-3606 
0-3014 * 
0-2886 | 
0-2048 * 
0-1992 
0-1524 * 
0-1162 
0-1020 * 
0-0800 
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TaBLe VII. 


Zinc chloride. 


At 25°. 
y(Horsch, y(Horsch, 
calc. by y(Scatchard calc. by y(Scatchard 
m. aaoinate and Tefft). y(Baxter). »(Authors). m. Getman). and Tefft). y(Baxter). y(Authors). 
0-5 —_ 0-376 0-382 - 0-378 0-02 0-619 0-642 0-636 0-641 
0-4 = 0-393 0-396 0-391 0-01 0-680 0-708 0-709 0-710 
0-3 — 0-415 0-417 0-413 0-005 0-723 - 0-767 —_ 0-772 
0-2 -- 0-448 0-447 0-449 0-002 0-797 0-838 — 0-835 
0-1 0-486 0-502 0-495 0-499 0-001 0-857 0-881 — 0-883 
0-05 0-533 0-556 0-547 0-559 0-0005 0-880 _ 


TABLE VIII. 


Zinc bromide. 
f calc. from La f calc. f calc. from La 
f from extrapn. Mer’s equation and f from extrapn. from Mer’s crs and 
method. E.M.F.’s. method. (11). CMF. 

M. Baxter. Authors. Baxter. Authors. M. Baxter. Authors. Baxter. Authors. 
0-3819 0-504 0-504 0-0200 0-670 
0-3112 0-508 0-508 0-0125 0-712 — 
0-2086 ©. — 0-511 0-511 0-0100 0-727 
0-1999 0-515  0-0098 0-726 0-728 0-729 
0-1401 0-531 0-531 0-0090 0-740 — 
0-1388 0-535 0-0088 0-736 0-737 0-735 
0-1000 — 0-557 0-553 0-557 0-0078 — 0-746 0-748 a 0-747 
0-0959 0-562 — 0-0071 0-756 0-755 0-756 0-756 
0-0804 0-571 0-0063 0-766 0-766 6-766 
0-0788 a 0-577 — 0-577 0-0050 0-786 0-783 0-785 0-771 0-783 
0-0626 0-594 0-593 0-0041 — 0-801 0-800 0-802 
0-0500 cad _ 0-608 0-610 0-610 0-0031 0-827 0-821 . 0-820 — 0-823 
0-0325 0-641 0-641 0-0019 0-853 0-852 0-853 
0-0209 — 0-669 — 0-669 0-0010 0-887 0-886 0-888 — 0-887 


0-3819 0-494 0-494 0-0200 0-661 
0-3118 0-499 _ 0-0187 — - 0-673 0-673 
0-1999 0-515 0-0098 0-722 0-723 0-724 
0-1401 0-519 0-519 0-0090 0-747 
0-1388 0-527 0-0088 0-731 0-733 0-730 
0:1000 — 0-546 0-544 0-547 0-0078 —_ 0-741 0-743 — 0-741 
0-0959 0-556 0-0071 0-753 0-751 0-751 0-751 
0-0804 0-570 — _ 0-0063 0-761 0-762 — 0-763 
0-0788 _— 0-570 0-571 00050 0-782 0-778 0-780 0-766 0-779 
0-0626 — , 0-588 0-588 0-0041 0-797. 0-796 0-796 
0-0500 — 0-604 0-603 0-605 0-0031 0-826 0-818 0-817 —_ 0-819 
0-0325 0-634 0-634 0-0019 0-850 0-849 0-851 
0-0209 — 662 0-663 0-0010 0-886 0-884 0-885 0-885 


No data of the activity coefficients of zinc chloride at 35° are peultiie, but the values now found, together 
with those of zinc bromide and iodide, are in good agreement with Baxter’s figures. The results for the iodide 
agree with Bates’s below 0-02 

The La Mer equation, which has been successfully applied to a number of strong electrolytes, gives good 
agreement with experimental results for zinc chloride and bromide, and hence we infer that these salts behave 
as typical strong electrolytes in the range of molarity studied. No assumption of incomplete dissociation is 
necessary. Zinc iodide, however, has activity coefficients higher than those calculated by the equation, but 
the difference becomes smaller as infinite dilution is approached. This would be explained if zinc iodide is not 
completely dissociated except in rather dilute solutions. This is borne out by the high values of the activity 
coefficients at higher concentrations. The results may be explained by the formation of a complex ion (ZnI,)~ 
or (ZnI,)}=. The complex ion of cadmium iodide was shown to be (CdI,)~ (Bates and Vosburgh, J. Amer. 
Chem. Soc., 1938, 60, 137). The existence of this type of ionisation would account for the shape of the graph 
of e against —log M (Fig. 5). - 
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0-20 
Zinc chloride. 
Zinc bromide. 
Zine iodide. 


TABLE IX. 


Zinc iodide. 
f calc. At 25°. f calc. 
by extrapn. er’s equa- f by extrapn. er’s equa- 
M. Baxter. Authors. E.M.F.’s. (Bates). M. Baxter. Authors, by (11). E.M.F.’s. (Bates). 

0-2631 2-082 2-034 0-0265 0-683 0-669 
0-1988 0-567 00169 - — 0-721 0-705 
0-1938 1-446 0-0123 — - 0-742 0-725 0-727 — 
0-1678 — 1-422 1-390 0-0114 0°743 
0-1339 1-201 1-173 0-0100 0-760 0-742 0-742 0-746 
0-1318 1-142 0-0082 0-775 0-758 0-758 
0-1210 1-104 0-0075 0-783 0-765 0-764 
0-1002 1-002 0-976 0-0068 0-790 0-773 0-771 
0-0995 0-580 0-0059 0-802 0-783 0-784 
0-0822 — 0-871 0-850 _— 0-0050 _- 0-814 0-795 0-796 0-799 
0-0765 0-817 0-0042 0-827 0-808 0-808 
0-0687 0-776 0-759 0-0034 0842 - 0-822 0-822 
0-0484 _— 0-636 0-619 — 0-0022 — 0-870 0-850 0-850 _ 


extrapn. uation and f mh f calc. uation and f 

M. (Authors). 2.M.F.’s. (Bates). M. (Authors). from (11). M.F.’s. (Bates). 
0-2631 2-067 2-012 0-0200 0-687 
0-2216 1-764 1-719 = 0-0169° 0-716 0-697 
0-1988 0-558 070123 0-741 0-721 0-721 
0-1943 1-562 1-521 — °* 0-0100 0-758 0-738 0-738 0-741 
0-1678 1-411 1-375 0-0082 0-773 0-753 0-751 
0-1339 1-191 1-161 0-0080 0-757 
0-1220 1-127 1-097 — 0-0075 0-781 0-761 0-762 _— 
0-1002 0-991 0-966 — 0-0070 — 0-768 
0-0995 — 0-572 0-0068 0-788 0-769 0-767 
0-0822 0-859 0-838 . 0-0059 0-800 0-779 0-780 
0-0687 0-767 0-746 _— 0-0050 0-813 0-792 0-792 0-796 
0-0500 0-613 0-0042 0-825 0-804 0-803 
00484 0-627 0-611 0-0034 0-840 0-819 0-821 
0-0300 0-652 0-0022 0-868 0-847 0-848 _— 


0-0265 0-675 0-659 
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0-1 
0-10 
0-05 
At 35°. ° 
f calc. from : f calc. from 
| La Mer’s ; | La Mer’s a 


168 Notes. 
If the iodide dissociated normally, the slope of this curve should be 0-0887. The slope of the iodide curve 
is about 0-08 over the range from 0-025 m to the highest dilution. The form of the curve can also be 
accounted for by assuming incomplete dissociation. 

Evidence as to the nature of the complex ions formed could be obtained by a determination of the transport 
numbers, experiments on which are nearing completion. Ifthe ions Zn** and (ZnI,)~ are present, on electrolysis 
zinc is transported into and out of the anode compartment. At high concentrations there may be a gain in the 
zinc concentration and hence a negative value of the cation transport number. An unstable complex ion will 
ionise as the concentration decreases and the cation transport number will attain the value expected for a 
solution containing simple ions. Hence if the ion (ZnI,)~ is present the cation transport number will increase , 
as the concentration falls. If there is incomplete dissociation, the ion ZnI* on migration will carry some 
iodine into the cathode compartment while free iodide ions will be transported out. The transport number of 
the anion, measured by the loss of electrolyte in the cathode compartment, will be small, and the cation transport 
number large. In this case, when the (ZnI)* ion dissociates on dilution the cation transport number will 
decrease. As far as is known, no recent measurements have been made of the transport numbers of zinc iodide. 
The following results were found by Hittorf (loc. cit.) and Kummell (Joc. cit.) : 


Hittorf. Kummell. 
4-725 1-277 0-647 0-01952 0-00976 0-00496 


These results, though not very numerous, show that the cation transport number increases as the concentration 
decreases. This is in agreement with the existence of a complex anion such as (ZnI,)~ or (ZnI,)=. 

Attention is directed to the simplicity in practical application of the La Mer equation, and it is suggested 
that apparently anomalous results found by the use of the Debye-Hiickel equation in regions of concentration 
where it is known to fail, cannot give any convincing evidence for incomplete ionisation. Special emphasis is 
laid on the failure of the extended Debye—Hiickel equation (7) or obvious simplifications of it (e.g., aB = 1) in 
quite low concentration ranges. 
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NOTES. 


Nuclear Methylation of a-Naphthol. A Correction. By J. W. Cornrortn, (Mrs.) R. H. CorNForTH, 
and SiR ROBERT ROBINSON. 


WE recently reported (J., 1942, 682) that the action of methanolic sodium methoxide on 4-piperidinomethyl-1-naphthol 
afforded 4-methyl-l-naphthol. This was the expected product and the m. p. 84—85° and other properties agreed with the 
description by Lesser (Annalen, 1914, 402, 8). 

It has now been found that a mixture with authentic 4-methyl-1-naphthol shows a large depression and the substance 
is 2 : 4-dimethyl-1-naphthol (15 g. from 50 g. of piperidinomethyl-1-naphthol), m. p. 84—85°, b. P. 169—170°/10 mm. 
(Found: C, 83-4; H, 7-0; active H, 0-53. C,,H,,O requires C, 83-7; H, 7-0; 1H, 0-59%). The picrate crystallises 
from aqueous alcohol in dark red needles, m. p. 143—-144° (Found: N, 10-6. 2H,,0,C,H,0,N;, requires N, 10-5%). 
Oxidation by means of alkaline permanganate afforded phthalic acid. Whereas l-naphthol, 2-methyl-l-naphthol, and 
4-methyl-1-naphthol couple with p-nitrobenzenediazonium chloride in aqueous alcoholic sodium hydroxide solution 
with formation of a deep blue coloration, this dimethylnaphthol gives only a dull red colour. In aqueous alkaline solution, 
gradually treated with acetic acid, coupling occurs near the neutral point and the precipitated azo-compound gives the 
blue solution in alcoholic sodium hydroxide. This experiment indicates the displacement of a methyl enn The 
formulation of piperidinomethyl-l-naphthol as a 4-derivative by Auwers and Dombrowski (Amnalen, 1905, , 289) 
was not supported by direct evidence, and by analogy Feldman and Wagner (J. Org. Chem., 1942, '7, 31) have suggested 
that it is 2-piperidinomethyl-l-naphthol. Experimental proof of the correctness of this view is provided by the reduction 
of the base to 2-methyl-l-naphthol. -Hydrogenation was effected in alcoholic solution at 165°/100 atm. in presence 
of copper chromite. The phenolic product was sublimed under diminished pressure and crystallised from light petroleum, 
forming long needles, m. p. 64—65°, agreeing in this and other properties with the description of Vesely and Pax (Coll. 
Trav. chim. Tchecoslovaquie, 1930, 2, 471). The picrate separated from — alcohol in bright red needles, 
m. p. 133—134° (Found: N, 10-7. C,,H,,0,C,H,0,N, requires N, 10-9%).—Dyson PERRINS LABORATORY, OXFORD 
University. ([Received, March 2nd, 1943.] 


4-Nitro-3-ethoxytoluene-6-sulphonic Acid. By C. BucHanan, J. D. Loupon, and J. RoBERTSON. 


Conpitions for the preparation of 4-nitro-3-ethoxytoluene-6-sulphonic acid from 3-ethoxytoluene are described. The 
ositions of the nitro- and the sulpho-group are established by (i) the preparation of the same substance from 4-nitro- 
-ethoxytoluene and (ii) the formation of 6-nitro-3-ethoxytoluene by nitration of 3-ethoxytoluenesulphonic acid. Further 

products of nitration of this acid are the 2-nitro- and the 2 : 4-dinitro-sulphonic acid. Theoxidation of the nitro-sulphonic 

acid gave only traces of the expected stilbene. : : 
3-Ethoxytoluene-6-sulphonic Acid (Sodium Salt).—3-Ethoxytoluene (100 g.) was added gradually to concentrated sulphuric 
acid (150 c.c.) below 30°. After 12 hours the product was added to saturated brine (300 c.c.), and the resulting solid 

crystallised from water and dried at 105°. It gave a sulphonyl chloride, b. p. 176—177°/10 mm. (Found: C, 46-0; 

H, 4:9. C,H,,0,CIS requires C, 46-0; H, 4-7%), sulphonamide, m. p. 113—114° (Huntress and Carten, J. Amer. Chem. 
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Soc., 1940, 62, 603, give m. p. 110—111°) (Found: C, 50-4; H, 5-9. Calc.: C, 50-2; H, 60%), and a p-foluidine salt, 
m. p. 100—120° (Found: C, 56-8; H, 6-9. C,H,,0,S,C,H,-NH;,,H,0O requires C, 56-3; H, 6-7%. Specimen dried in a 
vacuum over potash). 

Sulphonation of 4-Nitro-3-ethoxytoluene.—The nitro-ether (6 g.) was added gradually to chlorosulphonic acid (4 g.) 
at 20°. After standing overnight, the mixture was treated with water, and the aqueous solution decanted, treated with 
charcoal, and added to saturated brine. The resulting solid was dried and extracted with hot alcohol, from which sodium 
4-nitro-3-ethoxytoluene-6-sulphonate separated on cooling. It gave a p-toluidine salt, m. p. 232—233°, from water 
(Found: C, 52-05; H, 5-3. C,H,,0,NS,C,H,N requires C, 52-2; H, 5-4%), and a sulphonyl chloride, m. p. 110—111°, 
from ligroin (Found : C, 38-7;- H, 3-6. C,H,sO,;NCIS requires C, 38-6; H, 3-6%). 

Nitration of 3-Ethoxytoluene-6-sulphonic Acid.—(a) Preparation of 4-nitro-3-ethoxytoluene-6-sulphonic acid. Con- 
centrated sulphuric acid (200 g.) was slowly added to 3-ethoxytoluene (100 g.) at ca. 30°, and the mixture left for 12 hours 
at 30—35° to prevent crystallisation. A mixture of nitric acid (47 c.c., d 1-42) and concentrated sulphuric acid (100 c.c.) 
was then added at such a rate that the temperature was maintained at 15—18° by a bath of melting ice (1—1} hours). 
The whole was kept at room temperature for 1} hours, sometimes becoming almost solid, and was then added to ice 
(200 g.). The heat evolved sufficed to give a dark red solution, from which, on cooling, crystals of 4- and 2-nitro-3-ethoxy- 
toluene-6-sulphonic acids separated. After filtration (filtrate I), the solid, —= dry (pump), was dissolved in warm 
water (100 c.c.), from which the 4-nitro-isomer separated (70—80 g.) (filtrate II). It contained a small amount of neutral 
material, which was removed by recrystallisation from water or in the process of conversion into the sodium salt. It 
gave a p-toluidine salt and a sulphonyl chloride identical with the specimens prepared as described above. 

(b) Isolation of other products. (i) 6-Nitro-3-ethoxytoluene. The solution obtained by sulphonating 10 g. of 3-ethoxy- 
toluene with 20 g. of concentrated sulphuric acid was added with cooling to 8 c.c. of water and nitrated by addition 
of concentrated nitric acid (5 c.c.) at 10—15° during 30 mins. After standing for 1 hour at 15—20°, the mixture was 
poured into water (100 c.c.). The precipitated solid (6-5 g.) was washed with dilute caustic soda solution and with water 
and recrystallised from alcohol (30 c.c.); it then had m. p. 52—53°, undepressed by 6-nitro-3-ethoxytoluene. 

(ii) Sodium 2 : 4-dinitro-3-ethoxytoluene-6-sulphonate. Sodium 3-ethoxytoluene-6-sulphonate (12 g.) was dissolved in 
concentrated sulphuric acid (20 c.c.) and nitrated with nitric acid (2-5 c.c., d 1-5) below 30°. After standing overnight, 
the mixture was poured into water (100 c.c.). The insoluble residue (about 1 g.) was filtered off, and the sodium salt 
(6-5 g.) precipitated by addition of sodium chloride. The p-tolwidine salt, crystallised from water, had m. p. 225—227° 
(decomp.) (Found : C, 46-6; H, 4-7; N, 10-3. C,H,,O,N,S,C,H,N requires C, 46-5; H, 4-6; N,10-2%). The sulphonyl 
chloride had m. p. 104° (Found : C, 33-6; H, 3-1. C,H,O,N,CIS requires C, 33-3; H, 2-8%). 

Nitration of the sulphonic acid (from 10 g. of 3-ethoxytoluene and 20 g. of concentrated sulphuric acid) with nitric 
acid (d 1-5) gave the same dinitro-sulphonic acid (6 g. of sodium salt) together with 4 : 6-dinitro-3-ethoxytoluene (1-5 g. 
approx.) and sodium 4-nitro-3-ethoxytoluene-6-sulphonate (3 g. approx.). 

Filtrate I above gave the same salt on partial neutralisation with sodium carbonate. 

(iii) Sodium 2-nitro-3-ethoxytoluene-6-sulphonate was obtained from filtrate II above on almost complete neutralisation 
with sodium carbonate; it crystallised from water (in bulk) in characteristic shining plates (25 g.). The p-toluidine salt 
was en Ox 2 sulphonyl chloride had m. p. 97° (Found : C, 38-6; H, 3-5; N, 5-1. 100;NCIS requires C, 38-6; 
H, 3-6; N, 5-0%). 

Oxidation of Sodium 4-Nitro-3-ethoxytoluene-6-sulphonate.—(a) The sodium salt (10 g.) in water (200 c.c.) was heated 
at 50—55° for 5 hours with sodium hypochlorite solution fo c.c. containing 10% of available chlorine) and 30% sodium 
hydroxide solution (20c.c.). Addition of sodium chloride (40 g.) gave a solid which on crystallisation from alcohol proved 
to be the original salt. Evaporation of the mother-liquor gave a small amount of a sodium salt, which gave an intense 
violet colour with zinc dust and alkali. The p-toluidine salt had m. p. ca. 285° (decomp.). The sulphonyl chloride had 
m, p. 212—215° (Found: C, 39-1; H, 3-0. CygH,,O ;9N.Cl,S, requires C, 39-0;, H, 2-9%). 

(6) Sodium hydroxide (20 g. in 20 c.c. of water) was added (20 mins.) to the sodium salt (14 g.) in sodium hypochlorite 
solution (300 c.c. containing 5% of available chlorine) at 85°. The red solution was cooled and left for 48 hours. The 
solid precipitate, which yielded a p-toluidine salt forming needles, decomp. 310—311°, from water (Found: C, 52-7; 
H, 5-0. CygH,,0,,2N,S,,2C,;H,N requires C, 52-5; H, 49%), was dissolved in water and treated with iron and hydro- 
chloric acid at 100° (2 hours); the resulting precipitate was collected and extracted with dilute carbonate solution. 
Acidification of the extract gave a cream-coloured solid, which was crystallised from water but did not melt below 350° 
(Found : C, 43-6; H, 5-3. C,,H..O,N,S,,2H,O requires C, 43-7; H, 53%). It gave a sodium salt sparingly soluble in 
alkali or carbonate solutions. 


The authors thank Imperial Chemical Industries, Ltd., for gifts of chemicals—THr UNivERsiITy, GLAsGow, 
[Received, January 7th, 1943.] 
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THE HUNDRED AND SECOND ANNIVERSARY MEETING. 


Tue Annual General Meeting was held at. Burlington House on Thursday, 25th March, 1943, at 
11.30 a.m., the President, Dr. W. H. Mills, F.R.S., occupying the Chair. 

The notice convening the meeting was read. 

A number of Fellows were formally admitted into the Society and their names are given in the | 
Proceedings for March. 

The Report of Council for 1942, copies of which were placed round the Meeting Room, was presented, 
and Dr. C. W. Davies, in introducing the general section of the report, referred to the great loss suffered 
by the Society through the death of Mr. F. W. Clifford in September. Mr. Clifford had been in charge 
of the Society’s library for nearly forty years, and would be affectionately remembered by the many 
Fellows who knew him. 

Referring to the Journal, Dr. Davies said that the problem had been to make the best possible use 
of the small quota of paper available; the innovations and improvements planned during the past four 
or five years must still wait upon better times. The corresponding reduction in the length of the Annual 
Reports was less serious, owing to the comparative lull in the publication of new work; an effort, in fact, 
was being made to turn this to advantage, by making it the opportunity to publish more balanced 
reports on recent progress in selected fields. 

The Treasurer who was then called upon by the President, surveyed the work of the Conjoint Office 
and stated that but for its inception the accounts would probably not have been ready in time for the 
Annual General Meeting. It appeared inevitable that during the first two months of each year a con- 
gestion of work would arise owing to the fact that the preparation of the Annual Accounts must be dealt 
with at the same time as the receipt of subscriptions and the annual revision of publications chosen by 
Fellows. It therefore seemed wise to consider putting forward the date of the Annual General Meeting 
to May. 

He drew attention to the report of the Bureau of Chemical and Physiological Abstracts, which for the 
first time showed the complete cost to the chemical community of the abstracting service and stressed 
that this marked a new and important stage in co-operation. He then dealt briefly with the accounts 
and referred to some of the more salient features. In conclusion, he paid tribute to the work of the 
staff of the Chemical Society and of the Conjoint Chemical Office. 

The adoption of the Report of Council for 1942, including Statements of Accounts and Balance Sheets, 
was proposed by Dr. J. J. Fox, seconded by Professor J. L. Simonsen, and carried unanimously. 

The names of Fellows elected to vacancies on the Council for 1943—1944 were declared as follows :— 


Vice-Presidents, who have not filled the office of President : 
Sir Alfred Egerton and Professor C. K. Ingold. 


Elected Ordinary Members of Council : 


Constituency III (North-West enh North Wales, and the Isle of Man). 
Dr. R. A. Morton. 

Constituency V (Scotland). 
Dr. J. D. M. Ross. 


The report of the Scrutators on the ballot for Elected Ordinary Members of Council for Constituency I 
(South-East England) was presented, and it was declared that Dr. J. C. Smith, Dr. G. B. B. M. Sutherland, 
and Dr. W. H. J. Vernon had been elected. 

A vote of thanks to the Vice-Presidents, Treasurer, Honorary Secretaries, Council and Committees, 
for their services during the past year, proposed by Professor H. Bassett, seconded by Dr. J. T. Hewitt, 
was carried, and acknowledged by Dr. F. G. Mann. ‘ 

On the motion of Dr. A. E. Dunstan, seconded by Dr. H. W. Thompson, Messrs. W. B. Keen & Co., | 
were appointed Auditors for 1943. 

The meeting was then adjourned. 

- _ Aluncheon at which 55 Fellows and guests were present, was held at ewes Restaurant (Old Bond 
Street), at 1 p.m. 

The meeting was resumed at 2.30 p.m., when the President delivered his Presidential Address entitled 
Stereochemistry of Labile Compounds. 

At the conclusion, a vote of thanks to him for his services in the Chair and for his Address, with the 
request that he would allow his Address to be printed in the Journal, was proposed by Professor N. V. 
Sidgwick and seconded by Professor J. W. Cook. This was carried with acclamation, and the President, 
in acknowledgment, referred to the help he had received from the Council and Officers. 
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REPORT OF COUNGIL, 1942. 


During 1942, the normal activities of the Society have been maintained as far as the limitations 
imposed by the war conditions have permitted. The attendance at meetings both in and outside 
London has been very gratifying. In London, the holding of meetings for the reading of original 
papers has been resumed with success. 


I. FELLOWSHIP. 
(1) Fellowship Statistics. 

The number of Fellows on the 3lst December, 1941, was 4516. During 1942, 475 Fellows were 
elected and 29 reinstated, the corresponding figures in 1941 being 863 and 132, respectively. The 
Society has lost 2 Fellows killed in action, 57 through death, 50 by resignation and 85 by removal for 
non-payment of annual subscription—a total loss of 194, compared with 164 in 1941. The number of 
Fellows on the 3lst December, 1942, was 4826; of these, 1647 are joint members of the three Chartered 
Bodies, and 458 of the two Chartered Bodies. Of the joint members of the three Bodies elected in 
1942, 216 are new Fellows of the Chemical Society, and of the joint two-Body members, 73 are 
new Fellows. The number of joint members of the three Chartered Bodies has increased during the 
year by 96, and of the two Chartered Bodies by 94. 


(2) 60 and 50 years:of Fellowship. 
The congratulations of the Society have been conveyed to a number of Fellows, who, during the year, 
have completed 60 and 50 years of Fellowship; the names of these have appeared in the Proceedings. 


(3) Deaths. 

The Council have to mourn the loss of three of their Honorary Fellows, Sir William Bragg, Professor 
Max Bodenstein and Professor Richard Willstatter, and among prominent Fellows of the Society whose 
deaths the Council have also to record are Professor G.'G. Henderson (President from 1931—33), Pro- 
fessor J. Norman Collie (Vice-President 1909—12), Sir Henry A. Miers (Vice-President 1901—1904), and 
Mr. Walter Odling, who, elected in 1873, was the senior Fellow of the Society. Mr. Avigdors Lifsics 
and Lieut. David W. W. Spittle were killed in action. 

The Council have to deplore the death of Mr. Francis W. Clifford, who had been Librarian since June, 
1903, and to whom the development of the Library has been so mainly due. 

: It was also with profound regret that the Council learned of the death of Mr. H: J. Pooley, General 
Secretary of the Society of Chemical Industry since June, 1929; they conveyed their sympathy to 
the sister Society. 

II. PUBLICATIONS. 
(1) Journal. 

During the year 188 papers were received by the Society; of these 6 were declined. 

In addition to Obituary Notices (21 pages) and the report on the Annual General Meeting (24 an 
the Journal for 1942, occupying 758 pages, contains 167 memoirs (21 on General, Physical and Inorganic 
Chemistry and 146 on Organic Chemistry), 21 notes, and 7-lectures (62 pages). The corresponding 
figures for 1941 are 878 pages, 155 memoirs, 15 notes, and 4 lectures. _ also VII (2).) 


(2) Abstracts. 

The report of the Bureau of Chemical and Physiological Abstracts for 1941 appears as Appendix A 
to this report. For the first time the whole of the Accounts of Abstracts A and B are contained in the 
report so that the cost to the chemical community of the Abstracts as a whole can be readily 
ascertained.’ 


(3) Annual Reports. 
Volume XXXVIII (1941) of the Annual Reports on the Progress of Chemistry, published i in June, 
1942, contained 297 pages as against 477 pages in Volume XXXVII for 1940. 


Ill. MEETINGS. 
. (1) Scientific Meetings. 
During 1942, seven meetings were held in London and twenty-four outside London. A list of these 
is given in Appendix C. ' 


(2) Annual General Meeting. 
The Annual General Meeting was held in London on March 26th of which a full —_ appeared in. 
the Journal for April. 
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(3) Reports of Meetings. 


The Council of the Society of Chemical Industry have agreed to publish in “‘ Chemistry and Industry ” . 


reports of meetings of the Society held both outside London as well as those held in London, and the 
Council have expressed their appreciation of this further step in co-operation between the two Societies, 
As many of the meetings in the provinces were joint meetings, this procedure has resulted in economy 
in the use of paper. 


IV. LIBRARY. 
The Annual Report of the Joint Library Committee for 1942 appears as Appendix B. 


V. ADVISORY RESEARCH COUNCIL OF THE CHEMICAL SOCIETY. 


During 1942, the Advisory Research Council of the Chemical Society continued to receive offers of 
assistance from Supervisors of Research. The scheme to meet demands for fine chemicals required by 
research workers has functioned with success, and the Advisory Research Council is now concerned in 
preparing a list of fine chemicals required for research purposes not available in this country, with a 
view to arranging for their supply from the United States of America. 


VI. ADMINISTRATION. 


(1) Honorary Secretary. 

The Council have approached the Privy Council for permission to vary Bye-Law 54 dealing with the 
terms of office of Secretary, and the Lord President of the Council exercising the powers conferred upon 
him by the Chartered and other Bodies (Temporary Provisions) Act 1939, and the Order in Council made 
under Section I thereof, has directed that while this Act remains in force and notwithstanding anything 
contained in the Charters or Bye-Laws of the Society, it shall be lawful for any Secretary of the Society 
to hold office for a period exceeding six years. 


(2) Elected Ordinary Members of Council. 
Professor G. F. Marrian retired from the Council in June on leaving Constituency V. and Dr. J. D. M. 
Ross was appointed to fill the vacancy until the next Annual General Meeting. Dr. G. S. Whitby also 
retired from the Council in November on leaving the United Kingdom. 


(3) Chairman of Publication Committee. 
In May the Council accepted with regret the resignation of Professor S. Sugden from the office of 
Chairman of the Publication Committee owing to pressure of war work and expressed their appreciation 
of his services. Professor T. S. Moore consented to accept office. 


(4) Local Representatives. 

The resignation of Dr. J. C. Roberts from the office of Local Representative for Nottingham was 
accepted with regret; Mr. D. O. Jordan was appointed to fill the vacancy. Owing to the difficulties of 
arranging joint meetings for Eire and Northern Ireland it was agreed, as a war time measure, to appoint 
a Local Representative for Northern Ireland in addition to the Representative for Eire, and Dr. Hugh 
Graham accepted this office. It was also decided to leave in abeyance for the present the resolution 
_ of Council restricting the term of office to three years. : : 


VII. FINANCE. 
(1) Investments. 
The following investments have been made during the year: 
£44 4s. 4d., the balance of the Tilden legacy, in 3% Funding Stock, 1959—1969. 
£750 Os. Od. Special Reserve Fund for research, in 24% National War Bonds, 1949—1951. 
£1800, Special Reserve ‘for publications, and £250 Special Reserve for Library in National War 
Bonds 24% 1946—1948. 
£100 Os. Od. Life Composition Fees, in 3% Savings Bonds 1955—1965. 


The £1400 India 2}% stock on General Purposes Account was realised. 


(2) Supply of Paper for Publications. . 

During the year, the Council have taken various steps to meet the need for economy in the use of 
paper for the publications. Among these, the type of the Journal-has been reduced in size, the number 
of pages each month has been restricted, and Authorsand Referees have been instructed that papers should 
be written as concisely as possible. It was also decided that as the Report of Council and Statements of 
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Accounts are published in full in the Journal, they should not be circulated to Fellows before the Annual 
General Meeting in 1943, but should be available to Fellows who applied for them. 

The Council record their indebtedness to the Treasurer for the expert advice he has tendered to the 
Society on the supply of paper. 


(3) Insurances. 

The Council decided that during the War the Society’s insurances should be reviewed annually. In 
1942, the Fire Insurance was increased from £44,414 to £49,460; of this, {31,550 was for library books, 
and £4850 for publications, the balance being on general contents, whether stored in Burlington House or 
elsewhere. War Damage insurances were increased from £38,200 to £52,825. 


(4) Contributions. 


In September, the Council were gratified to learn that the Chemical Council had decided to divide 
certain of their investments comprising £3000 Savings Bonds and £1500 24% National War Bonds 
equally between the Chemical Society and the Society of Chemical Industry for the benefit of their 
respective Publications Reserve Funds; they have expressed their appreciation of this substantial help. 

The*Council have also received £1050 from the Chemical Council, and the Royal Society has contri- 
buted £400 from the Rockefeller Grant and £300 from the Government Publications Grant towards the cost 
of the Society’s publications for 1942. The Council have expressed their thanks for this valuable financial 


aid, and have acknowledged in the Proceedings their indebtedness to those Fellows who continue to 
contribute to the Publications Fund. 


(5) Conjoint Chemical Office. 

In May, a joint accountancy and distribution office was set up under the Chemical Council to facilitate 
the working of the scheme of co-operation. Through the good offices of the Royal Society, the Ministry 
of Works and Buildings have placed at the disposal of the Chemical Council a suite of six rooms at 6, 
Burlington Gardens. The work is carried out by members of staff seconded by the Chemical Society 
and the Society of Chemical Industry, with Mr. H. J. Morris in charge and Miss A. G. Knight as deputy. 


VIII. REPRESENTATIVES ON JOINT COMMITTEES AND ON OTHER BODIES. 
The Society’s representatives during 1942 were as follows : 
Anglo-Soviet Scientific Collaboration Sub-Committee : 
Sir John Russell. 
Bristol University Court : 
Prof. F. G. Donnan. ; 
British National Committee for Chemistry : 
Prof. F. G. Donnan, Mr. F. P. Dunn, Dr. C. W. Davies. 
British Standards Institution : 
Council of Chemical Division : Dr. J. J. Fox. 
Technical Committees: (In suspense). 
Bureau of Chemical and Physiological Abstracts : 
Dr. H. J. T. Ellingham, Prof. C. R. Harington, Prof. G. A. R. Kon, and one of the Hon. Secretaries, with 
the Treasurer ex-officio. 
Chemical Council : 
Mr. F. P. Dunn, Dr. C. W. Davies, Dr. L. H. Lampitt. 
Chemical Council Special Committee re Promoting Increase of Membership : 
Dr. H. J. T. Ellingham, Dr. R. E. Slade. 
City and Guilds of London Institute : 
he President, ex officio. 
Faraday Society : 
Colloid Committee : Mr. D. C. Henry. 
Joint Library Committee : 


Prof. A. J. Allmand, Prof. H. Bassett, Dr. O. L. Brady, Prof.-C. H. Desch, Mr. M. B. Donald, _" H. J.T 
Ellingham, Dr. H. J. Eméleus, Dr. C. F. Goodeve, Dr. P. Haas, Prof. C. R. Harington, Dr. T. A. He 
Dr. E. W. McClelland, Dr. E. E. Turner, Prof. W. Wardlaw. 
Lawes Agricultural Trust : 
Committee of Management : Dr. E. F. Armstrong. 
Royal Society : 


Joint Standing Committee for Symbols and Abbreviations : Dr. C. W. Davies and Dr. H. J. T. Ellingham. 


rx. ACKN OWLEDGMENTS. 


The Council express their gratitude to those Fellows who have continued to give their services freely 
to the Society during the year. They have expressed their thanks to Sir Wyndham R. Dunstan, 


K.C.M.G., F.R.S., for presenting a portrait of himself in oils mee Colin Forbes, and to many Fellows for 
Presenting the Society’ s publications. 
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APPENDIX A. 


REPORT OF THE BUREAU OF CHEMICAL AND PHYSIOLOGICAL 
ABSTRACTS FOR THE YEAR 1942. 


Previous to the year 1925 the Chemical Society and the Society of Chemical Industry prepared and 
issued separately abstracts of papers in their respective spheres. Overlap was inevitable, and conse- 
quently in order to obviate this, the two Societies founded the Bureau of Chemical Abstracts and from 
that year until the present time the major part of the burden (including that of finance) has been borne 
by these two Societies. In 1938 a step was taken which had great potentialities, for it admitted the 
principle of collaboration with other abstracting bodies. As a result of negotiations the Physiological 
Society agreed to discontinue the publication of Physiological Abstracts, and, together with the 
Biochemical Society, entered into an agreement with the Chemical Society and the Society of Chemical 
Industry whereby the name of the Bureau was changed to Bureau of Chemical and Physiological 


Abstracts, and the more complete abstracting of literature on physiology and biochemistry was . 


undertaken. The Anatomical Society joined the scheme in 1939. At the present time therefore the 
realm of chemistry spreading through the biological sciences towards medicine is covered. So far as 
it goes this is satisfactory, but the Bureau feels it would be a great advance if its sphere of activity 
embraced the more physical aspects and to this end meetings of an exploratory nature have taken place 
during the last year. During this time the Bureau Sub-Committee have met many representatives of 
other abstracting bodies or of bodies which as part of their functions abstract certain sections of 
chemistry, and it is gratifying to record that there is general agreement that to-day there is too much 
overlap and that in fact the centralisation of abstracting is definitely desirable. Abstracts are essential 
not only to the academic worker but also to the scientist in industry, and through the Chemical Council 
industry has shown that it has an appreciation of the importance of this work, for, as an aid to 
publication in general, a contribution of £2000 yearly has been made to the Chemical Society and the 
Society of Chemical Industry during the last five years. 

As pointed out in the last report, owing to the fact that the Bureau had no separate existence and 
that its costs were partly to be found in the accounts of the Chemical Society and partly in those of 
the Society of Chemical Industry, and that moreover Section A III was treated as having a separate 
existence in so far as accounts were concerned, no one had any clear idea of the costs to the chemical 
and allied communities of the publication, printing, and distribution of abstracts. It is satisfactory to 
report that both the Chemical Society and the Society of Chemical Industry have agreed that the figures 
be published in the report of the Bureau, of which they therefore form an integral and important part 
for the first time this year (see Appendix I). 

From the figures in Appendix I the following summary of the 1942 accounts has been prepared : 


Cost of production of : Sales and 1* yeas 
AT icc cco cee cco coo coo 8 21 AlandATII... ... ... 2091 3 8 
Society of Chemical In- 
dustry 4067 17 2 
Institute of Chemistry 100 0 0 
Physiological Society . 400 0 0. 
Biochemical Society ... 300 0 0 
Anatomical Society ... 100 0 0 
Chemical Council ... ... 312 0 0 
9001 16 11 
Less Placed to Reserve 
and Balance ... ... 871 10 
8130 6 6 
£14,102 2 6 £14,102 2 6 


The total cost therefore of producing the six sections of the abstracts is some £14,000,fand against 
this has to be put the sums received for sales (including advertisements), a total of nearly £6000. It is 
to be noted that more than 60% of the total cost of producing abstracts is met by contributions from the 
Societies supporting the Bureau. The deficit on the B sections is met by the Society of Chemical 
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Industry, that on the AI and ATI sections by the Chemical Society, but the responsibility of the 
Chemical Society does not end at this, for it contributes £1500 a year to AIII. As has been mentioned 
A III is an entity and whereas both the Chemical Society and the Society of Chemical Industry have 
put to reserve for post-war publications certain sums of money, any such reserve for A III has to be 
met from current income of the AIII fund. The precaution taken last year of putting to reserve 
£700 has again been taken this year, so that this reserve stands at some £1400, a figure which, however, 
must be regarded as totally inadequate for post-war requirements. 

The Bureau records with pleasure that the Institute of Chemistry has expressed its practical 
interest in the work of Abstracting by an ex gratia payment to the funds of £100. 

It will be remembered that some time ago the method of division of the abstracts was revised and: 
AI, AIl, AIII, BI, BII, and BIII came into being. It happens that certain members only require, 
through the scheme of collaboration, a limited number of sections, and the Bureau at the present time 
has a committee studying this important aspect of its work. The difficulty is that specialists require 
specialised abstracts. The Bureau will endeavour to meet this need but the difficulties are particularly 
notable in the field of applied chemistry. Nevertheless, the Bureau feels that even here there are some 
practical steps which can be taken and is continuing to explore the matter. 

Under the egis of the Chemical Council, the Conjoint’ Chemical Office has been opened during the 
year in Burlington Gardens, and both the Accounts Department and the Indexing Department of the 
Bureau have been moved to these offices; the Editorial Department still remains at Clifton House. 

At the bi-monthly meetings of the Bureau and of its Finance Committee, the great difficulties 
imposed on the abstracting organisation by war conditions have been constantly considered. Paper 
restrictions are onerous and the difficulties of obtaining supplies of foreign journals needed by the 
Bureau for abstracting purposes have persisted during the past year. Journals from Japan and enemy- 
occupied territory in the Far East have ceased to arrive, but the lack of these has been offset by the 
more regular receipt of European Journals. The Bureau wishes to express its high appreciation of the 
courtesy of the Science Library in loaning many of these journals which would otherwise not be 
available. 

In the early part of 1942 it was found that, despite the reduction in the size of type adopted in 1941, 
the quota of paper allocated to the Bureau was insufficient for the amount of matter available. It was 
therefore decided that the width and depth of each column of abstracts should be increased; this change 
was put into effect in April. At the same time instructions were issued that abstracts of papers of 
minor importance should be condensed to a few lines or even to a title only. 

No one regrets more sincerely the poor appearance of the present Abstracts than members of the 
Bureau, and it is confidently anticipated that so soon as conditions become sufficiently normal, 
improvements in paper and presentation will be instituted which will ensure that the publications of 
the Bureau will bear comparison with abstracts produced by any other abstracting service. 

The changes in Abstracts A II mentioned in last year’s Report have been put into effect and have 
met with general approval. There is also evidence that the extended system of cross-references has 
been appreciated. 

Marked interest continues to be shown in the work of Section A III of the Abstracts. Practical 
manifestation of this interest during the year has been an ex gratia payment of £312 from the Chemical 
Council in respect of the supply of Abstracts A III to participants in the collaborative scheme, and a 
further grant of £75 from the Society of Chemical Industry. The Bureau wishes to record its high 
appreciation of these grants. 

The notice, to which reference was made last year, inviting readers to apply to the Editor for 
information as to where the various journals might be consulted, has. brought a very considerable 
increase in such enquiries and in requests for photostat copies of papers. 

As will be seen from Appendix II, the total number of abstracts printed in 1942 was 26,008 (898 
pages) compared with 24,707 (984 pages) in 1941, an increase of about over 5% in the number of 
abstracts and a decrease of nearly 9% in number of pages. The increase in the numbers of abstracts 
was rather more pronounced if"B (10,678 to°11,664) than in A (14,029 to 14,344). The most notable 
increases were in sections A II and B II; the only section showing a decrease was BIII. The increased 
number of abstracts per page was due in part to the increase in type area which was adopted during 
the year and in part to a drastic condensation of many of the abstracts. 
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II. 


The figures given in the appended table show the number of abstracts and pages printed in each 
section during 1942, together with comparative figures for 1941. 


Al. A II. AIIl. 
1941. 1942. 1941. 1942. 1941. 1942. 
No. of No. of No. of No. of No. of No. of 
Quarter. Abs. Pages. Abs. Pages. Abs. Pages. Abs. Pages. Abs. Pages. Abs. Pages. 
Ist --» 683 46 742 62 308 40 414 62— 2065 118 2239 140 
2nd... (1016 70 845 48 381 50 341 44 1893 124 2052 112 
3rd_—ij“iw“j’sCié85B 62 899° 44 403 48 371 40 1908 116 2328 110 
4th ... 955 68 1108 52 459 56 611 70 3100 186 2394 114 


3512 246 3594 206 1551 194 1737 216 8966 544 9013 476 


BIIl. 
1941. ; 1942. 1941. 1942. 1941. 1942. 
No. of No. of No. of No. of No. of No. of 
Quarter. Abs. Pages. Abs. Pages. Abs. Pages. Abs. Pages. Abs. Pages. Abs. Pages. 
Ist -- 1010 58 1466 88 775 52 921 68 708 42 779 48 
2nd_sag.w |= —- 986 66 1055 52 706 52 897 56 709 42 590 32 
3rd_—siww. «1387 84 1258 56 841 58 958 52 592 40 454 24 
4th  ... 1262 74 1564 74 934 64 926 50 768 52» =796 36 


4645 282 5343 270 3256 226 3702 226 2777 176 §=2619 140 


APPENDIX B. 
ANNUAL REPORT OF THE JOINT LIBRARY COMMITTEE, 1942. 


A considerable increase in the use of the Library during the past year has to be recorded. Attendances 
show an increase of 1,584 over last year and the number of books borrowed an increase of 1,000, bringing 
the total to pre-war level. 400 more books were issued by post than last year, the number being far in 
excess of any previous year. 

Enquiries by telephone, numbering 1099, showed an incredse of 218 over those in 1941. 

Photostat copying has reached the highest figure since 1930, the number of pages copied (1760) being 
810 more than last year. 

The spread of the war has further reduced the number of periodicals received, but books and 
pamphlets show increases, as will be seen from the analysis below. 

The total number of volumes added was 497. There are now 45,127 volumes in the Library, consisting 


of 13,452 books and 31,675 bound volumes of periodicals. ‘ 
Analysis. 
Attendances. Books borrowed. Books added. Volumes of periodicals. Pamphlets. 
ee 5420 5858 (2542 by post) 195 302 208 
3836 4858 (2142 by post) 90 347 163 


The Library suffered a great loss in September by the sudden death of Mr. F. W. Clifford, who had 
held the office of Librarian with such distinction since 1903. It was decided not to fill the vacancy thus 
caused during the period of the emergency, but to appoint the Sub-Librarian, Mr. Cummins, as Acting 
Librarian for the period. 

As a step towards helping readers who wish to consult German journals published during the war, 
which have not been received in the Library, arrangements have been made to acquire microfilms of the 
“ Annalen”’ and “ Berichte,’’ and a microfilm reader has been allotted to the Library, through the 
courtesy of a Committee of the Royal Society. 


Losses of books in the post have now made it necessary that all books borrowed by post shall be 
registered. 

Among the 90 books presented to the Library were 40 from Professor R. H. A. Plimmer, and 4 of 
special historical interest from Dr. Alexander Scott, F.R.S. To these gentlemen and all others who 
have enriched the Library by their gifts, the Committee wishes to record its best thanks, and also to 


Dr. J. A. Lloyd, fer his gift of a bronze medal, issued to celebrate the 70th birthday of the late 
Professor A. R. Hantzsch. 
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APPENDIX C. 
LECTURES, ETC. 


Given in London. . 

19th February. Tilden lecture on “ Fluorine,’ by Dr. H. J. Emeléus; 26th March, Eighth Pedler 
lecture, ‘‘ The Basis of Stereo-Chemistry,’’ by Dr. W. H. Mills; ‘16th April, Sir Joseph J. Thomson 
Memorial lecture, by the Rt. Hon. Lord Rayleigh (at the Royal Institution); 2lst May, Tilden lecture on 
“ The Chemistry of the Lignan Group of Natural Products,’ by Professor R. D. Haworth; 15th October, 
Meeting at which four papers were read and discussed; 19th November, Sir William Bragg Memorial 
lecture, by Professor J. D. Bernal (at the Royal Institution); and 17th December, Tilden lecture on 
“Recent Developments in the Theory of Reaction Kinetics in Solution,’ by Mr. R. P. Bell. 

Given outside London. 

Bristol. 14th May, at the University, Tilden lecture on ‘‘ The Chemistry of the Lignan Group,”’ by 
Professor R. D. Haworth. 

Dundee. 19th January, at University College, lecture on ‘‘ The Structure of Films,’’ by Dr. W. T. 
Astbury. 

Edinburgh. 28th January, at the North British Station Hotel (joint meeting with Local Sections of 
the Institute of Chemistry and the Society of Chemical Industry), /ecture on-‘ Synthetical Investigations in 
the Natural Resin Field,’’ by Professor R. D. Haworth; 6th March, lecture on ‘‘ Chemotherapy,’ by 
Mr. S. Ellingworth; lst December, at the University (joint meeting with the Edinburgh University 
Chemical Society and local Sections of the Institute of Chemistry and the Society of Chemical Industry), 
lecture on “‘ Molecules and Crystals,’”’ by Professor J. M. Robertson. 

Glasgow. 16th January, at the Royal Technical College (joint meeting with the Local Sections 
of the Institute of Chemistry and the Society of Chemical Industry), lecture on “‘ Sesquiterpene 
Ketones,’’ by Professor J. L. Simonsen; 20th February (joint meeting with the Local Sections of the 
Institute of Chemistry and the Society of Chemical Industry), Tilden lecture on “ Fluorine,” by Dr. 
H. J. Emeléus; 12th November, at the University (joint meeting with the Andersonian Chemical 
Society, and the Glasgow University Alchemists’ Club), lecture on ‘“‘ Thermal Diffusion,’ by Professor 
J. Kendall; 4th December, at the Royal Technical College (joint meeting with the Local Sections 
of the Institute of Chemistry and the Society of Chemical Industry), lecture .on “‘ X-Ray Study of 
Coalification and Carbonisation,’’ by Professor H. L. Riley. 

Leeds, 10th March, at the University (joint meeting with the Leeds University Chemical Society), 
discussion on ‘‘ The Enzymatic Breakdown of Tryptophan to Indole,’’ opened by Drs. H. A. Krebs, F. C. 
Happold, and J. W. Baker; 12th May, Eighth Pedler Lecture on ‘‘ Recent Progress in Stereochemistry,”’ 
by Dr. W. H. Mills; 12th October, lecture on “‘ Radioactive Isotopic Indicators,’ by Dr. F. Fairbrother. 

Liverpool. 12th March, at the University (joint meeting with the Liverpool University Chemical 
Society), lecture on “‘ Some Problems in the Chemistry of Macro-Molecules,’’ by Professor M. G. Evans ; 
21st November, at Reece’s Restaurant (joint meeting with the local section of the Institute of Chemistry), 
lecture on “‘ Chemical Education in the Post-War Period,’’ by Dr. R. A. Morton. 

Manchester. 17th January, at the University (joint meeting with the Society of Chemical Industry, 
the Institute of Chemistry and the University of Manchester Chemical Society), Jecture on “‘ The Chemistry 
of Hashish,”’ by Professor A. R. Todd, F.R.S.; 2Ist March (joint meeting with the Institute of 
Chemistry), paper on “The Application of X-Ray Diffraction Methods to Problems of Molecular 
Structure,’ read by Professor J. M. Robertson ; 17th October, at the University (joint meeting with the 
Institute of Chemistry), lecture entitled “Aluminium Chloride as an Agent~0f.Isomerisation,’”’ by 
Dr. G. Baddeley; 5th December, at the University (joint meeting with the Institute of Chemistry), 
lecture entitled “‘ Radioactive Isotopic Indicators,” by Dr. F. Fairbrother. 

North Wales. At University College, Bangor (joint meetings with the University College of North 
Wales Chemical Society), 6th March, lecture on ‘‘Soaps and Related Colloids,’ by Mr. C. R. Bury; 
27th November, lecture on ‘‘ Absorption Spectra as an Aid to Research in Organic Chemistry,”” by 
Dr. A. E. Gillam. ; 

Nottingham. 5th March, at University College (joint meeting with the University College Physical 
and Chemical Society), lecture on ‘‘ The Propylbenzene Unit in Biosynthesis,’’ by Professor R. D. Haworth. 

Sheffield. At the University (joint meetings with the Sheffield University Chemical Society), 27th 
February, lecture on “‘ The Constitution of Starch,’’ by Professor E. L. Hirst; 20th November, lecture on 

Some Kinetic Problems in Heterogeneous Systems,” by Dr. E. A. Moelwyn-Hughes. 

South Wales. At University College, Cardiff (joint meetings with the Local Sections of the 
Institute of Chemistry and Society of Chemical Industry), 27th February, lecture on {‘ Chemical Method 
of Attacking Certain Biological Problems,” by Professor H. V. A. Briscoe; 27th March, lecture on ‘‘ The 
Chemistry of Soils,” by Mr. L. T. Lowe; 14th November, lecture on ‘‘ The Mechanism of Polymerisation,”’ 
by Professor H. W. Melville. 
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Mills: The Stereochemistry of Labile Compounds. 


PRESIDENTIAL ADDRESS. 
The Stereochemistry of Labile Compounds. 
By W. H. Mitts, M.A., Sc.D., F.R.S. 


THE information yielded by the newer physical methods of investigating molecular configuration relates—for 
the most part—to molecules in approximately static conditions. In many compounds, however, the molecular 
configuration is labile and this gives rise to various questions of interest which are most readily investigated 
by observations of optical activity. Of these compounds some have configurations so unstable that the mere 
detection of their optical activity lies on—or indeed beyond—the limits of experimental possibility, and many 
chemists find in problems of this nature no little attraction. 

A question that has aroused a good deal of interest in recent years concerns the possibility of demonstrating 
the optical activity of asymmetric tervalent nitrogen compounds, and I think it might be useful to consider 
some of the difficulties which this problem involves and the prospects of surmounting them. 

Since tervalent nitrogen compounds are derivatives of ammonia, and ammonia is known to have a highly 
labile configuration, we can only observe optical activity in a compound of this type provided that we can—by 
appropriate substitution—so far reduce the mobility of the valency system of ammonia as to make the optical 
activity of an asymmetric derivative sufficiently persistent. 

We have therefore first to consider the relevant properties of ammonia and then to examine possible methods 
of bringing about the requisite increase in its configurational stability. 

The molecular configuration of ammonia and its degree of stability are well established. We know from 


the rotational fine structure in the infra-red absorption spectrum that the HNH intervalency angle is 107° 3’ 
(Dennison, Rev. Mod. Phys., 1940, 12,175). The ammonia molecule therefore has the form of a flattish pyramid 
and the three valencies need deflections of 21° 48’ only to bring the molecule into the planar form which corre- 
sponds with the summit of the potential barrier between the two equilibrium configurations (Fig. 1a). 
To effect these comparatively small valency deflections no great amount of work is required and the potential 
barrier is correspondingly low. The height of the potential barrier, which determines the configurational 


Fic. 1b. 
VY 


Fic. la. | 


| 


\ 

stability, has been found as follows. The potential curve showing the relation of the potential energy of the 

molecule to the distance of the nitrogen nucleus from the plane of the three hydrogen nuclei must have the 

general form shown in Fig. 1b with two minima corresponding with the two equilibrium configurations. The* 
lower vibrational levels accordingly traverse two allowed regions and in accordance with quantum mechanical 

principles (symmetrical and antisymmetrical combination of wave functions) are double. The doublet separ- 

ation * depends on the height of the ammonia pyramid and on the —— of the barrier. Since the former is 

known, the latter can be calculated from the observed splitting. 

Concordant results obtained by different investigators (inter al., Mensiog, J. Chem. Phys., 1935, 3, 136) give 
a value of 5-9 kg.-cals./mol. for the height of the barrier. 

When the vibrational energy of the molecule is greater than this (as in the second overtone of the funda- 
mental vibration) it oscillates freely with an exceedingly high frequency between its two equilibrium con- 
figurations. The data yielded by the absorption spectrum give the rate of this vibration as 5-7 x 10% per 
second.f 

The downess of the potential barrier is strikingly shown by another consequence of quantum mechanical 
principles. The barrier is so low that the quantum mechanical ‘‘ tunnel effect ’’ becomes quite important. 
In consequence of this effect, ammonia, even when in its ground state, is undergoing inversion at a rate which 
exceeds 5 x 10° sec. (Sutherland, Trans. Faraday Soc., 1939, 35, 1373). As this is independent of temperature, 
the greatest attainable cooling cannot prevent an immeasurably rapid inversion of ammonia. 

While the tunnel effect becomes negligible as soon as the hydrogen is replaced by heavier atoms, the rate 


* This is greatly exaggerated in the diagram—it is of the order of 1/1000 of the height of the barrier. 
+ Iam indebted to Dr. G. B. B. M. Sutherland for this figure, and also for helpful discussions. 
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of the normal inversion (that in which the barrier is surmounted) will remain much too fast for observation 
until comparatively low temperatures are reached, provided that the height of the barrier is not appreciably 
raised by the replacement. Reaction velocity at a given temperature is not of course entirely determined by 
the energy of activation required to surmount the barrier, since the Arrhenius equation contains a ‘‘ probability 
factor.” If the value 10? is assigned to this factor—and from the values which have been found for other 
intramolecular changes this would seem to be reasonable, and rather more likely to give too low than too high 
an inversion rate—then with an ammonia derivative having an energy of activation of 6 kg.-cals./mol. the 
temperature would have to be lowered to — 163° in order to lengthen the half-change period to 1 minute. 
Unless, therefore, a reasonable chance can be seen of substantially raising the activation energy needed for 
inversion by introducing appropriate substituents into ammonia, we must conclude that the observation of 
optical activity due to asymmetric tervalent nitrogen will be exceedingly difficult. We have accordingly to 
review the different means by which the stability of the nitrogen valency system might be modified. 

It may perhaps not be superfluous first to consider the effect of the mass and size of the atoms attached to 
the nitrogen, since in the past many chemists no doubt, on becoming aware of the great configurational in- 
stability of ammonia, would have attributed it to the presence of the light mobile hydrogen atoms and would 
have supposed that the replacement of these by heavier atoms would at once secure greater stability. Such a 
view would, however, be contrary to the principle of equipartition of energy, which requires the same kinetic 
energy in each degree of freedom, indpendent of size and mass. If the rigidity of the nitrogen valency system 
is regarded as constant, i.e., if it is assumed that a given valency deflection calls into play in each case the same 
restoring couple, then the configurational stability of a compound NR, will, to a first approximation, be inde- 
pendent of the size and mass of R.  * 

Many cases are known of course (for example, optically active ketones with the carbonyl group adjacent 
to the asymmetric centre) in which optical instability is associated with the Fic. 2 
presence of hydrogen, but in all these the instability can be shown to be due nT 
to the ionisation of the hydrogen. ’ Vv 

We may next consider how the resistance of a tervalent nitrogen compound 
to inversion is likely to vary with the chemical nature of the atoms or groups 
combined with the nitrogen. ‘ 

The rigidity of the N—R bond in the NR, molecule is evidently of much 
importance in this connexion and a valuable indication of it can be obtained 
if the angle constant (ratio of a small change in the intervalency angle 


RNR to the restoring couple) can be deduced from the fundamental 
frequencies of the molecule. What we really want to know, however, is the 
height of the potential barrier and this cannot be deduced from the angle 
constant, which depends solely on the small part of the potential curve lying \ 
below the energy level of the vibration, as will be clear from the accompanying O r 
diagram (Fig. 2). 

It may therefore be more advantageous to consider the question from a general point of view. From the 
following table of the principal nitrogen single-bond energies (kg.-cals./mol.) it will be seen that the nitrogen- 
hydrogen bond is very considerably stronger than any other bond in the list (which probably includes all those 
of practical importance in the present connexion). 

N—H_ 83-7 N—O 57-9 
N—C 48-6 N—F 68-8 
N—N 23-6 N—Cl 38-4 

It would appear, therefore, that whenever a hydrogen atom in ammonia is replaced by another atom or 
group the bond is substantially weakened and it is very difficult to believe that by weakening the nitrogen bonds 
we could bring about any considerable increase in the resistance of the molecule to inversion. 

By employing a substituent group which, like phenyl, resonates with the nitrogen we could increase the 
strength of the nitrogen—carbon bond, but as this would involve the introduction of a canonical structure in 
which ey nitrogen valencies were flattened out, it could not lead to an increase in the stability of the nitrogen | 
pyramid: 

A good deal of encouragement to attack the tervalent nitrogen problem has been derived from consideration 
of the comparative stability of the oximes. It is doubtful, however, if this is at all closely relevant. 

In contrast with the pyramidal configuration of 3-covalent nitrogen derivatives, permitting of inversion by 
the “ dropping through ”’ of the nitrogen nucleus, the nitrogen valencies in the oximes have an angular con- 
figuration. Moreover the nitrogen—carbon double bond is of great strength (the C—N bond energy is 94 kg.- 
cals. /mol.) and the stability of the system is still further raised by resonance between the structures : 


CZ 
| 


An investigation by Penney and Sutherland (Proc. Roy. Soc., 1936, A, 156, 654) is of interest in this connexion, 
For the angle constants of H,O and CH, they find the values 1-23 and 1-35 and for those of SO, and NO, the 
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values 3-29 and 3-29 (in units 101 ergs/radian). Thus the latter two molecules, in which the atoms are linked 
by strong multiple bonds, have a much greater rigidity than the former two systems, where the linking is by 
single bonds. 

The oximes probably gain additional configurational stability from the attraction of the opposite charges 
on the carbon and oxygen atoms associated with the different polarities of the nitrogen—carbon and nitrogen- 


oxygen bonds. 
NOY 
+H 


In ammonia and the amines, on the other hand, the repulsion of the positive charges on the atoms attached to 
the nitrogen would tend to widen the intervalency angle and lower the potential barrier. Some confirmation 
of the influence of relative polarity on configurational stability may be seen in the different frequency of 
occurrence of stereoisomerism in the various classes of compounds containing a carbon—nitrogen double bond. 
The frequency diminishes with decreasing electronegativity of the atom attached to the nitrogen. Thus the 
oximes show a long series of stereoisomeric forms, the hydrazones a considerable number, the chloroimines a 
few, and the alkyl imines * none. 


R-CR’ RGR R 
-OH ‘NHR” 
It should accordingly be possible to do something towards increasing the stability of the 3-covalent nitrogen 
configuration by using substitutents of ‘opposite polarity, as, for example, in dimethylhydroxylamine (IV). 


+CH, H, 

Two of the three substituents, however, must necessarily have polarities of the same sign and repel one another. 
Their repulsion can be abolished if we unite them chemically, as in N-hydroxyethyleneimine (V), but then, 
by including the nitrogen atom in a 3-ring, we impose an unnatural value of about 60° on the intervalency 
angle. The two carbon atoms are prevented from taking up the directions in which the valency force field is 
strongest and the nitrogen—carbon bonds accordingly cannot have their normal strength. In the analogous 
case of cyclopropane the heat of combustion shows that the bond energy of each of the three carbon-carbon 
links is thus reduced by as much as 8-2 kg.-cals./mol. 

We have now examined at any rate the more obvious of the methods by which the mobility of the ammonia 
configuration might be modified. We have seen (1) that increasing the size or mass of the substituents could 
have little effect; (2) that replacement of the hydrogen by other elements should, if anything, tend to diminish 
the stability; (3) that, while something might be done towards increasing the stability by introducing substi- 
tuents of opposite polarity, the full effectiveness of this method would be severely offset by the weakening it 
requires of two of the three nitrogen bonds on which the stability depends. Considerations of this kind cannot 
of course yield quantitative comparisons of the relative stability of the configurations of ammonia and its 
derivatives, but they do, I think, indicate very ay that it is unlikely that any really considerable increase 
in stability could be attained. 

The mobility of the ammonia configuration is, however, so exceedingly great that, even if we doubled the 
height of the barrier, we should still have a compound of such mobility that it could only be successfully investi- 
gated with the aid of an elaborate low-temperatue technique—and it is to bé remembered that the lower the 
heat. of activation the smaller the effect of cooling on the inversion velocity. 

I cannot help thinking that most of the attempts to solve this problem have been made with an imperfect 
realisation of the difficulties involved and that, unless some really new method of attack is devised, it can only 


be solved with an expenditure of effort which would be out of proportion to the value of the result, — 
as this achievement would be. 


There is another class of potentially optically active nitrogen compounds which deserves some considera- 
tion. Their configurational stability may be too low to allow of their optical activity being actually observed, 
but a comparison with the class we have just been discussing may help to throw the instability of the latter 
into stronger relief. ’ 

A number of compounds exist containing links, regarded as single on the classical structure theory, to which 
the modern theory of resonance assigns a certain amount of double bond character. In virtue of this they 
should acquire torsional rigidity and, introduced into molecules of appropriate structure, should give rise to 
molecular dissymmetry of corresponding stability. 


* Phenylimines will, however, probably be found capable of existence in stereoisomeric forms 


C,H, H H C,H,° 
C,H, C,H;- C,H; 
(I.) (II.) (III.) 


Since isostilbene (I.) and cisazobenzene (III.) are known, cisbenzylideneaniline (I1.) must surely have considerable stability 
and should be obtainable by,the application of appropriate methods (e.g., ultra-violet radiation of the frans-form). 
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Perhaps the most obvious example is afforded by the salts of the amidines. 
H; H; 
i 
(VI.) (VIIa.) (VIIb.) 


When acetamidine (VI) forms a salt, the cation on the classical structure theory would have been given the 
formula (VIIa). Now of course it is considered that formula (VIIb) is equally justified and the actual structure 
is envisaged as a resonance hybrid of (VIIa) and (VIIb). For full resonance to take place between (VIIa) and 
(VIIb) a planar arrangement of the molecule is necessary. If one NH, group is rotated about the C-N axis 
so that its plane is at right angles to that of the rest of the molecule, all or the greater part of the resonance 
energy is lost. A corresponding amount of work is therefore required to bring about this rotation and both the 
carbon-nitrogen links in the salt acquire considerable torsional rigidity. There are, however, serious difficulties 
in the way of obtaining an optically active amidine salt. Experience with alkylammonium salts would indicate 
that the hydrogen atoms in the two amino-groups would have to be fully substituted as in the compound (VIII). 

But in such a compound a co-planar arrangement of the two nitrogen atoms 

H Hy _ and the five directly attached carbon atoms is scarcely possible om account of 

A \+ a ~ pms the close approach this would require of the CH, and the CH, group shown 

2 N A in Clarendon type. Both the piperidine ring and the N(CH;), complex 

. would therefore presumably have to set themselves at an angle to the amidine 
(VIII.) plane and most of the torsional rigidity would be lost. 

e Similar considerations apply to the cation of- the guanidine salts, 

(NH,),C—NH,, where, however, the torsional rigidity to be expected is less, since when one of the three NH, 

groups is rotated through 90° the greater part of the resonance energy would still be supplied by the other two. 

It may be therefore that, in spite of their lower resonance energy, substituted amides offer more promising 
material for the experimental demonstration of the torsional rigidity of a resonating bond. According to- 
Pauling (“* Nature of the Chemical Bond,” p. 192) the amides have a resonance energy of about 21 kg.-cals./mol. 
arising from resonance between the structures . 


NH, 
In agreement with this the C-N interatomic distance (1-38 a.) found from the crystal structure of acetamide 
(Senti and Harker, J. Amer. Chem. Soc., 1940, 62, 2008) is appreciably less than the normal value for a single 


bond (1-47 4.). From comparison with the normal C—N, C—N and C=N bond lengths this length would 
indicate about 46% double bond character. 


Examples of compounds having potential optical activity dependent on the torsional rigidity of the amide . 
C-N bond are to be found in derivatives of acetylpiperidine ([Xa and b).* 


R-—CH CH, 
\cH,Z 


H, H, < H R. R 
H, CH, H, 4 
\ 
H, O CH, chi, 
(IXa.) (IX..) (X.) (XI.) 


In this compound the replacement of the hydrogen atoms of the amino-group by the pentamethylene chain. 
would very possibly reduce the resonance by making it more difficult for the nitrogen atom to acquire a positive 
charge. However, for resolution experiments a substance such as the acetyl derivative of piperidine-4-carb- 
oxylic acid (X) would be selected, and in the salts of this compound the inductive action of the anionic charge 
would tend to promote the acquisition of a positive charge by the nitrogen and counteract this effect. 

When the acetyl group is rotated through 90° about the N—Ac axis the electron distribution and the bond- 
lengths adjust themselves so as to minimise the energy for that orientation. ‘If, as there is some reason to 
think, the effect of these adjustments would not be very great, a large part of the resonance energy would be 
lost in the 90° position and a considerable barrier would be interposed between the two equilibrium configura- 
tions. If, for example, the effect of the adjustments amounted to } of the resonance energy, we should have a 
barrier of some 16 kg.-cals./mol. and the experimental demonstration of its existence might not be too difficult. 


* The relation of (IXb) to the formula of the N-methyl ethers of the oximes (XI) isto be noted. It consists in an 
interchange of C and N. 
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If, however, the effect of the adjustments was more considerable and amounted to as much as, say, one half of 
the resonance energy, leaving a barrier of about 10 kg.-cals./mol. only, the demonstration of optical activity 
woyld need an elaborate low-temperature technique. 

A few years ago no one could have suspected the existence of torsional rigidity in the acetyl group of a com. 
pound like acetylpiperidine, yet on examination it seems to offer a more promising field for investigation 
than the potential optical activity of asymmetric tervalent nitrogen. 


The standard methods of resolution are likely to present difficulties when all manipulations have to be carried 
out at low temperatures. There is, however, a general property of labile dissymmetric compounds which may 
be of use in demonstrating their potential optical activity under these conditions. It is more particularly 
applicable to acids and bases. 

When a labile d/-acid interacts with an alkaloid in a non-ionising solvent such as chloroform, the two dia- 
stereoisomeric salts which result, dAJB and /AIB, must differ in ali their properties. This is well recognised as 
regards their solubilities, but it must hold also for their stability and therefore for their rates of mutarotation. 
Each of the labile salts will be in a state of continuous mutarotation and they will be in equilibrium when their 
concentrations are inversely proportional to their rates of mutarotation and, since the latter are unequal, the 
equilibrium mixture will contain unequal proportions of d- and l-acid. Thus in presence of the alkaloid the 
nme equilbrium becomes displaced and the acid is activated. Mutarotation under these conditions can only 
be due to a displacement of a d-l equilibrium of the acid 


Fic. 3. and its observation therefore demonstrates the/ optical 

a activity of the acid. 
Base d- This phenomenon was first observed by Read and 
acid McMath in 1925. Two or three years later Elliott and | 


encountered it in investigating the benzenesulphony] deriv- 
ative of 8-nitronaphthylglycine (XIII) and we gave an 
explanation of its origin. More recently Turner and his 
collaborators have examiined it in considerable detail. 

The extent of the activation varies of course from case 
to case and it may happen that it is too small to be 
detected. In some cases, however, it is very considerable. 
Thus Read and McMath found a 4:1 ratio — 
ately) in the equilibrium 


base /-acid == base d-acid 
for chlorobromomethanesulphonic acid and /-hydroxy- 


hydrindamine in acetone and Turner and Jamison a 
2:1 ratio for the acid (XIII) and cinchonidine in 


Base dl- 


acid 


chloroform. 
The nature of the phenomenon is clearly shown when 
Basel-| the d- and the /-form ofthe acid can both be obtained, 
—_ since the mutarotation of each of the two salts can then 
Time be observed separately, as has been done by Turner and 


Jamison (J., 1938, 1653). Fig. 3 shows the mutarotation 
curves which would be found for a salt for which the equilibrium proportion of the antimeric forms of the acid 
(d/l) was 1:2. The slopes of the curves at the points A and B (which give the mutarotation rates for the 
pure salts, base d-acid and base 1-acid), are in the ratio2:1. The point O shows the initial rotation observed 
on combining the base with the inactive dl-acid and OP is the activation curve. 

The usual causes of the differences in the mutarotation rates of the isomeric salts will probably be found to 
lie in steric hindrance combined with dipole interactions. For example, in the salts formed from cinchonidine 
(XII) and the acid (XIII), after salt formation between the carboxyl group of the acid and the quinuclidine 
nitrogen, the next strongest interaction would be that between the dipoles of the hydroxy-group of the base 


H. 


HO,C‘CH,  SO,C,H, 
N 
(XII.) (XIII.) 


and the nitro-group of the acid. On experimenting with models in which the configuration (XII) is assumed 
for cinchonidine it is at once found that in one form of the acid these two groups are easily brought into proximity, 
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- whereas in the antimeric form their approximation is impossible». Thus one of the two salts should have its 


configuration stabilised by this dipole attraction but there should be no corresponding effect in the other. 

The amount of activation will probably be greatest when the acid and the base contain groups of marked 
polarity in fairly close proximity to the salt-forming groups. In the above-mentioned case observed by Read 
and McMath, where the degree of activation was unusually high, it may be noted that the amino-group of the 
base has a vicinal hydroxy-group and the sulphonic group of the acid has two strongly polar C-Halogen groups 
in the «-position. 

Observations made by Turner and Jamison on the effect of excess of acid on the activation process call for 
some notice, lest they should be regarded as obscuring its interpretation and lessening its value as a means of 
demonstrating optical activity in labile systems. 

Addition of excess of the acid to the salt alters the equilibrium proportions of the d- and the /-form. It may 
either increase or decrease the extent of the activation and even reverse its direction. We have evidently 
here a separate effect, arising from an interaction between the acid and its salt, superposed on that due to the 
unequal rates of partial racemisation of the stereoisomeric salts. 

There can be little doubt as to the nature of the interaction in question. We know that when an excess 
of an acid is added to its salt under the conditions of these experiments a very rapid interchange will be taking 
place between the free and the combined acid and the disturbance attending the replacement of the anion 
associated with the asymmetric cation would appear likely to promote directed configurational change. The 
resultant rate of change would be due to the summation of several different effects and would have no direct 
connexion with the rate of change in the neutral salt. There would seem, therefore, to be no reason to regard 
these additional observations as affecting the diagnostic value of the activation process. 
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OBITUARY NOTICES. 


SIR BRYCE CHUDLEIGH BURT, KT. 
1881—1943. 


Bryce CHUDLEIGH BuRT was born at Newark-on-Trent on April 29th, 1881, and was the son of Isaac Burt, 
of Churcham, Gloucestershire. 

He received his early education at the Merchant Venturers’ College, Bristol. Later, with a Gloucestershire 
County Council Scholarship, he proceeded to University College, London, where he graduated B.Sc. in 1901, 
with first class honours in Chemistry. He was awarded the Clothworker’s exhibition in Chemistry in 1900. 

Burt commenced his post-graduate career by collaborating with Professor Donnan in an investigation into 
“‘ The solubilities and transition points of lithium nitrate and its hydrates ’’ (Donnan and Burt, J., 1903, 83, 
335). In 1902, on the recommendation of Sir William Ramsay, who, in the meantime, had described his work 
as ‘‘ displaying patience and skill, and a marked capacity for grappling with new problems,” he was 
appointed Assistant Lecturer in Chemistry at Liverpool University. In this post, which he held for two years, 
he gave satisfaction to colleagues and students alike. His spare time was occupied in research, which, on the 
advice of Professor Campbell Brown, took the form of an investigation into ‘‘ The vapour pressures of sulphuric 
acid solutions, and the molecular condition of sulphuric acid in concentrated solution ”’ (J., 1904, 85, 1339). 
It was during this period that he gave the first indications of his capacity for dealing with men, and for 
inspiring their collaboration. 

In 1904, he was appointed Assistant Government Chemist in Trinidad, B.W.I., and he held the post, the 
administrative and routine duties of which left little time for research, until 1907. He acted for his Chief 
during the absence of the latter on leave; but his health broke down, and he was fortunate in recovering from 
an attack of yellow fever. 

It was about this time that Burt reluctantly decided against devoting his life to pure chemistry. In 1908, 
he entered the Indian Agricultural Service, and was posted to the United Provinces as Deputy Director of Agri- 
cilture, under the Directorship of the late W. H. Moreland, I.C.S. He threw himself into his new work with 
energy and success. As they became available, improved pedigree varieties of wheat, new and better sugar- 
canes, and new pedigree varieties of cotton were distributed on a wide scale to cultivators. In association 
with the Agricultural Engineer, the irrigation of sugarcane was facilitated over large areas by the sinking of 
numbers of tube wells. He also collaborated with the writer in introducing jute cultivation into the low-lying 
tracts of the Eastern U.P. In 1911, he organised the Agricultural section of the great exhibition at Allahabad, 
when the marked success of his work earned him his first decoration. 

In 1921, the capacity he had already shown led to Burt’s appointment as the first Secretary of the 
Indian Central Cotton Committee, a representative body recommended by the McKenna Committee, and just 
set up by the Government of India, with the object of improving the production and marketing of cotton. 
To-day, the Indian Central Cotton Committee wields a beneficent influence throughout the industry in India. 
It owes its success almost entirely to Burt’s enthusiasm, tact and ability, and it remains a living memorial of his 
personality. Incidentally, he would have been the first to acknowledge the efficiency with which A. J. Turner 
established and controlled the technical research laboratories belonging to the Committee. 

Burt’s connection with the Cotton Committee continued for seven years, until 1928, when he was transferred 
to Bihar as Director of Agriculture. This appointment, however, only lasted for a year; for, when in 1929 the 
Imperial Council of Agricultural Research, recommended by the Royal Commission on Indian Agriculture, 
under Lord Linlithgow, was set up by the Government of India, he was deservedly selected as Agricultural 
Adviser to the Council. His appointment was fully justified by his share in the success which the Council 
achieved, for instance, in enlisting the aid of the universities for agricultural research; in the establishment 
of two Central Committees, on the lines of the Central Cotton Committee, for the jute and lac industries; in the 
founding of a Sugar Research Institute, and in the wise exercise of the Council’s powers of financial subsidy for 
the carrying out of desirable research, and the application of its results. 

His success on the Imperial Council led to Burt’s accompanying the Indian delegation to the 
Ottawa Conference in 1932, and again to similar trade negotiations in London in 1937. His work for both these 
delegations has been described as invaluable. In 1935, when the Vice-Chairmanship of the Imperial Council of 
Agricultural Research became vacant, his appointment to the highest post open to the Indian Agricultural 
Service was inevitable, and he remained Vice-Chairman until his retirement from India in 1939. During this 
period, he was a Foundation Fellow and member of Council of the National Institute of Sciences of India; 
also Chairman of the Editorial Board of the Indian Journal of Agricultural Science. 

On more than one occasion in recent years, Burt’s health had given cause for anxiety. This was due not to 
physical weakness of any kind, but to ceaseless work for long periods with very few intervals for leave. On his 
departure from India the long-desired leisure did not materialise, for the war came, and, almost immediately 
after his return to this country, he was placed in charge of the Animal Feeding Stuffs division of the Ministry 
of Food. Thus the endless work began again; but this time punctuated by crises; such as the introduction of 
the standard loaf involved to those dealing with the problem of food for cattle. Supported, as hé was, by loyal 
colleagues, in the Ministry and in commerce throughout the country, he bore the strain until November, 
1942, when illness‘supervened, from which he died on January 2nd, 1943. 
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* A new edition of the B.D.H. cata- 
logue has been recently published. 
Because of the need for economy in 
the use of paper, the number of 
copies available is limited, but 
chemists to whom a currently priced 
catalogue of supplies is essential are 
invited to apply at once for a copy. 
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Owing to the large demand, 
we are at present greatly re- 
stricted as regards the pur- 
poses for which this steel can 
be supplied. 
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